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PREFACE 


Bome apology is certainly due for the republication of the 
I’apors and Lectures which appear in this volume, hut I have been 
asked so often, chiefly by foreign friends, for papers which were 
out of print that I at last thought it better to republish. 

But here again I was placed in a position of some difficulty, for 
the Papers, having been published at intervals during a period of 
nearly fifty years, had necessarily from their nature a good deal of 
r(ipetition, and I soon found that, were I to attempt to remove this 
d(ifect, I should have practically to rewrite the whole volume. 

I, therefore, decided that it was better to republish the Papers 
precisely as they wore written or delivered, and it may be that this 
decision has certain advantages. 

E.xtraordinary as has been the advance in every department of 
Science during the long reign of Queen Victoria, the progress in 
Naval and Artillery Science has been no less remarkable. 

When I entered the Service, the line-o?-battle ships were all 
sailing vessels, and their armaments and appliances differed but 
little, except as regards size, from those in use in the days of Henry 
VIII. and of Queen Elizabeth. Mechanical contrivances the older 
Officers would not hear of, and I have heard more than one declare 
that no contrivance should be allowed on board a man-of-war which 
could not be handled and repaired by the Blue Jackets, who had 
proved the efficiency both of men and material in so many victorious 
actions. 

The same spirit influenced the older Peninsular and Waterloo 
Officers of my own Corps, the Eoyal Artillery, and I remember an 
occasion when it was curiously shown. After the introduction of 
Eifled Artillery a dinner was given by the Eoyal Artillery Mess at 
, » Woolwich to the late Lord Armstrong. It was the duty of the 
• ' vii . 
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President to propose the health of the guest of the evening, which 
was gracefully done, hut after describing what had been effected by 
Sir W. Armstrong, the orator concluded,^" but’ for myself I am 
radically opposed to any change.” 

The feeling to which I have referred lasted a considerable time, 
and led to some retrograde steps, such as the abandonment, for ti, 
season, of breech-loading guns, and it led also to England being for 
a time behind the principal Continental nations from the refusal to 
adopt improvements untU (which will never happen) perfectiwi and 
finality were reached. 

Having entered the Service when Rifled Artillery was not thought , 
of, havmg served as Secretary to the Committee wMch introduced 
Rifled Artillery, and having been more or less connected with all 
the great changes which have taken place, both as regards the guns, 
their mountings, equipments, and propellants, it may Ix^ that tiio 
present volume gives, in some respects, a not uninteresting liistory 
of the i m mense changes that have taken place in tbo Naval and 
Land Service Armaments. 

It is not perhaps wonderful that the Officers of both Servicu's, 
who had taken part in the great land and sea battles of the beginning 
of last century, should have looked with distrust njion radical 
changes, and should have insisted upon the suffi(d.(moy of the 
weapons which had served them so well. 

To illustrate the distrust with which novelties were regarded, I 
may mention that I was Secretary to a Committee, which had its 
meetings at the War Office, called, I think, the Committee on Plafics 
and Guns, and at their meetings were discussed, among otln^r things, 
the details of the gun intended to be the heavy gun for both J.and 
and Sea Service. The Artillery Officers pressed for a gun weighing 
7 tons, but the Navtll Officers were doubtful whether so Inuivy 
a gun could be carried on board ship. The disputed point was com- 
promised by making the gun 6| tons, but as strong doubts were 
expressed as to whether rifling would be successful in such a gun, the 
calibre was finally ordered to be such that it would fire 100-lb. 
spherical shell if the gun were unsuccessful as a rifled gun. Twenty 
of these guns were actually made, and were called, if I remember 
rightly, the Somerset Gun; the Duke of Somerset being then the 
First Lord of the Admiralty. 

The objections to anything like a mechanical contrivance wore, 
as I have mentioned, very strong, especially among some of tlio 
older Officers, who could hardly be got to look with patience upon 
any appliance to which they were not accustomed. 

All this is now changed. A modern battleship, as I have. 
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poinfeecl out, carries well on to_a hundred machines of a verj varied, 
anil,, in .sonic eases, of a 'most complicated, character. . , 

"The country may wel^be proud of the ability and zeal with which 
the Naval Officers of the present day have mastered, . and the skill 
with wliieh they nse, the varied^ machinery committed to their 
charg(3, and while the energy and zeal which pervades all .. . ranks 
cndmij, we may be satisfied that the traditions which have been 
handed down to ns through many generations of great sailors, will 
not be departed from, and, should occasioji arise, that fresh lustre 
will be added to, the records of the Navy. 

A. N. 
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OF THE APPLICATIOF OE THE THIOEY OE 
PEOBABILITIES TO AKTILLEEY PEACTIOE. 

{Boyal Artillery InstitutioKi Papers^ 1858.) 

Dubing the investigations of the Special Committee on Eifled Cannon, 
it became a point of considerable importance to be able to obtain, 
with somewhat more accuracy than could be done from a mere 
inspection of tables of practice, the relative precision of fire of the 
various guns submitted for report. 

The plan I adopted for this purpose, with the approval of the 
Committee, was to calculate for each gun the area within which it 
was an equal chance that any one shot would strike ; or, as it may 
otherwise be expressed, that area within which, if a given number of 
shots were fired, half of that number might be expected to fall. This 
area I termed the probable rectangle, and, by calculating it for various 
guns, we are enabled to form a definite opinion as to their compara- 
tive accuracy. 

Before, however, entering upon the details of ^he particular plan 
adopted, it may not be out of place, and may tend to clearer views on 
the subject, to give a short account, simplified as much as possible, 
of the celebrated method upon which that plan is founded. 

Experience shows that observations, no matter of what kind, 
when repeated under what we call ‘' precisely similar circumstances,’" 
do not give us results exactly the same, hut results differing from one 
another in a greater or less degree, or as we term it, we have observa- 
tions more or less accurate. The causes of these variations are 
unknown to us, or if we do know some of their causes, at all events 
the law according to which the errors occur is unknown; for if we 
know both the cause of an error and the manner in which it occurs, 
such an error is at once removed from the domain of chance. In 
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artillery practice, for instance, we are able at once to assign sovoral 
causes which account for variations of fire variable stre.ugth t*f 
powder, variable rotation of the projoctila, windage, etc., etc.); I'Ut 
as we do not know the law according to which those causos airuet 
the flight of the projectile, errors induced by them must be tr((at(Ml 
in the same manner as errors of observation. 

Two assumptions are made with reference to the causes of (U'roi-- 

(l)*“Thatina given kind of observation, botli tlio numlxs' of the 
sources of error and th8 number of combinations of which they are 
capable remain the same ” ; and (2) “ That the same combination when 
it occurs produces the same error.” Although we are in ignorance 
both as to the number of the eombiixations of the various causes of 
error, and as to the number of the combinations which produce equal 
errors, yet if we have, in a series of observations, a certain system of 
errors, we may, knowing the proportion in which errors of various 
magnitudes have appeared, calculate the probability of their reapjiear- 
ance in another set of similar observations. 

Let us assume the probability of an error A to be ^)(A). Now, 
by the probability of any error, we understand the ratio whi(sh the 
number of combinations producing this error boars to all possililo 
combinations, so that in a series of m observations — vi being so larger 
that we may conclude that all errors have occurred in their (hie 
proportion — if mf observations are affected with the error A, we 
have 

^ (0 

or in<j> (A) = number of observations affected with the error A. In the 
same way, ■m(p(A') represents the number of observatiou.s alfoctod 
with the error A', m^(A") the number of those aflbcted witli A", 
and so on, till we include all errors from + oo to — oo, and honco wo 
have the equation 

m<p (A) + + m<j>(A"') +, etc. = whole number of observation.^ = m 

or <^(A) + <j!>(A') + <|)(A") + , etc. = l . . (2) 

Now, since Equation (2) contains the probabilities of all errors 
from zero to ± oo, it is evident that if we suppose A to vary 
continuously, the probability of any determinate A must bo in- 
finitesimal ; the probability then of an error occurring between the 
error A and the infinitely near error A', or as wo may write it 
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A-P^ZA, will be ^(A)cZA, or in the language of the integral 
calculus. Equation (2) is equivalent to 

/•% 00 

J^J(A)dA = l . . . . ( 3 ') 

wMch simply means that the probability of an error between +■ » 
and — 00 = unity or certainty. 

We must now draw attention to the assumption we have m^e 
in symbolising by ^(A), that is a function #f A, the probability of 
an error (A). By this symbolisation, we assert that the prci>a- 
bility of a certain error is dependent upon the value of that error. 

Of this truth we may assure ourselves without the aid of 
mathematical reasoning; for instance, in firing from a 9-pr. field 
gun, with the proper elevation, at a target 1000 yards distant, we 
know that the probability of an error of 300 yards in the range is 
improbable in a very high degree; an error of 200 yards is also 
improbable but in a less degree, of 100 yards still less, and so on, 
while we know that an error of 25 yards (at least with service guns) 
is not only not improbable, but highly probable. 

The above symbolisation is merely [as we have yet made no 
hypothesis as to the form of ^(A)] the mathematical expression of 
the truth that the degree of probability as to any error is dependent 
in some way or another upon the amount of the error. There are, 
however, certain properties which, although still ignorant of the 
form of (p (A), we yet know that function ought to possess. It is 
clear that ip(A) must be of such a form that it will denote an etjual 
amount of probability, when for an error in excess, ie, a positive 
error, we substitute an error in defect, or a negative one. To return 
to our illustration: supposing that we obtain a fange of lOOO yards 
as the result of practice, and suppose further, that at a certain round 
we are told simply that there exists an error of 25 yards, it is 
clearly an equal chance whether the error is in excess or defect. 
No person would give odds on either supposition ; ^ (A) must then 
denote the same degree of probability, that is, must have the same 
value for A= + 25 and A= -’25. ■ 

It is also evident that <^(A) must be of such a form that it will 
have a greater value for A = 0 than for any other value of A We 
must, in fact, have selected such an hypothesis as to the value to be 
determined as will make A) greater for that hypothesis than for 
any other. It must, however, be borne in mind, that although the 
^alue selected he more probahle than any other value, the probability 
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that it is the true value may be very small when compared with all 
other hypotheses. The hypothesis, for example, of the range of 1000 
yards, deduced as the probable range f roan practice, although more 
probable than any other, may be, and generally is (supposing our 
unit to be a yard and to vary per saltum), improbable when compared 
with all other hypotheses. 

Perhaps a clearer view of our meaning may be gained from a 
somewhat analogous case. If we throw in the air 24 pence, the most 
probable of all results Is that we shall have 12 heads and 12 tails. 
Sudh an event, however, although more probable than any other 
result, is yet improbable when compared with all possible cases. 
The odds against it are about 6 to 1. 

^ (A) must, lastly, be such as to give only insensible magnitudes 
when A exceeds a certain limit. Suppose, for instance, that in 1000 
observations 500 of the errors are less than a certain cpiantity r, 
while only one exceeds 5r. ^ (A) must, then, for an error A imir 

5r become very small, and for errors notably greater must become 
infinitesimal. The knowledge of this property is derived from 
experience, although it might also be anticipated by reasoning. 

These three properties of ^(A) are thus mathematically ex- 
pressed : ^ (A) is an even function of A, is a maximum for A = 0, 
and sensibly vanishes when A exceeds a certain limit. 

It would be quite out of place to enter here ^ upon the analytical 
method by which the form of the function ^(A) is determined. 

We must content ourselves with remarking that the exprosaion 
for (p (A) is found to be 


m- 


h 

\J TT 




. (3) 


A being a constant, whose value is derived from the observations 
under discussion, —of this constant we shall hereafter speak; but 
supposing k for the present to be known, Equation (3) represents the 
law of the probability of the error A. 

It is first obvious that ^(A) possesses the properties which wo 
have just shown that function ought to possess. We proceed to its 
application. Had we a perfect gun, perfect powder, etc., and could 

* The mathematical reader who wishes to examiue for himself the formula 
which must here be received on trust, is referred to Encke’s Memoir on fche Melliod 
of Least Squares, whose notation is here followed, and from which, and Professor 
De Morgan’s works on Probabilities, this r^sumd is chiefly drawn. An analysis of 
the principles upon which the theory is founded, will be found in Mill’s of 

Loyir, voL ii p. 58. 


ARTILLERY PRACTICE 


5 


we fire our gun always under the same circumstances, we should of 
course find that the result of every shot we fired was merely a repe- 
tition of the preceding one, tand any single result would be sufficient 
to determine the range. Calling cc the range and % the observed 
result, we should have the range given by the equation 


' m 

Instead, however, of having the result of e^ery shot the same, we 
find that on an occasion when m shots were fired, we obtained the 
results 

and the question is, how are we to deduce the most probable 
range from the discordant equations 

l, : 

oc — = 0 

I 

, .r — = 0 

I 0 

j, 

I Wow it is evident that if . . . 7^^ be all dijfferent, whatever 

; hypothesis as to x we may make, upon that hypothesis at least m— 1 

i of Equations (4) will not vanish, but will have values, which we call 

r the errors of the respective observations ; we shall have in fact 

- w j 
X - He, 

{C — fl.^1 

I and the probabilities of these errors, according to the notation we 

1 have adopted, are respectively ^(Aj), while the 

j probability of their concurrence is 

j . . . x<3i>(Am)* 

I ■ ' 

* If |?i be the probability of any event, Pq that of any second event, py that of 
any third event, p,n that of any event, the probability of their concurrence is 

1 

: = jPi X ^3 X Pa . . . X Pm 

! This proposition is easily illustrated. If we throw in the air a penny, the 

■I chance of throwing heads twice in succession is J x J, or 3 to 1 against it. The 

I chance of throwing heads three times in succession is i x | x or 7 to 1 against 

I ■ ■ and so on. '■ ■ ■ ■ 
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■which is hy Equation' (3) ' . 

— " ^ ^ # 

TT^ ■■ 

or == -— ,e 

m 

TT 

by virtue of Equation (5). 

Wow it is evident ffom an examination of ( 6 ) that 


. ( 6 ) 
( 7 ) 


0(Ai) X ^(Ag) ... X ^(Am) 


is greatest when Ai^+Ag^d- . . . Am^is least,^ whence follows the 
proposition that that hypothesis as to m is the most probable, for 
which hypothesis, assumed as true, the sum of the squares of the 
errors is the least possible, whence the name of tlie Method of Least 
Squares. 

This proposition is very general, the problem above discussed being 
only a particular, and the most simple case ; but as it is tlie one 
required for the subject under consideration, it only will now be 
considered. 

We proceed to determine the most probable value of the constant 
h : from Equation ( 6 ) we have 


<jt(A^). . . . ^(A7 i) = 








Let us assume €5 to be such a quantity that 


A,2 + A,2+ . . . A,, a ^ S(A-^) 

m m. 


■ ( 8 ) 


that is, we take eg to be such that if we substituted it as the error 
throughout the observations, we should have the same sum of the 
squares of the errors as actually exists, is called the mean error, 
and Equation (6) or (Y) becomes 

■ . . (9) 

TT^ 


^ This will perhaps be more easily seen if we put the right-hand member of (6) 
in the form 


I 

2 .’ . . . +A;rq 

TT i 
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The most probable value of h is that which makes (9) a TnaYimn-m 
Hence, differentiating with respect to h, and equating to zero, we have 


1 - = 0 


or 




. ( 10 ) 


We have above shown that that hypothesis as to a? is most prob- 
able fo:)^ which the sum of the squares of the errors is the least pos- 
sible. ^Tow in the simple ease we are discussing, the direction to 
select such a result that the sum of the squares of the errors may be 
a minimum, is the same as if we were told to take the arithmetical 
mean. This may easily be verified. Suppose that four shots from a 
9-pr. gun gave the results 950, 975, 1025, 1050, the mean of which 
ranges is 1000 yards. It will be found that the sum of the squares 
of the errors upon the hypothesis that 1000 yards is the true range 
is less than it would be upon any other hypothesis whatever. 

The law of the arithmetical mean* may also be easily deduced 
from Equation (7) by the differential calculiia The sum of the 
squares of the errors is to be a minimum. Hence, from (5) 


(.r - 4- — ^ 2 )^ . . . = minimum. 


Differentiating and equating to zero, 

X ^ 11^-^ X ^ — = 0 

W1 + W0+ . . . 

i-Til* V 4. .... 


We may from geometrical considerations obtain a graphic view 
of the law represented by Equation (3). If we take the values of A 
as absciss®, and the correspondiug values of, 9 !>(A) as rectangular 
ordinates, we shall be enabled to trace the curve of probable error. 

The general form of the curve of probabilities is shown in Eig. 1. 
In this figure the absciss®, such as OA, OC, represent the errors, and 


It may be proper to advert here to a common misapplication of the principle 
of the arithmetical mean, and one which sometimes leads to serious errors. Suppose 
m different series of equally good observations gave m different values of the mean 
range aj, ag . . . a ^, . Suppose further that is the result of pi rounds, the 
result of rounds, the result of pm rounds, or as it may otherwise be expressed, 
suppose to have the weight the weight jp2» the weight pm — the most 

probable value of the range is not, as is frequently assumed, 


but is 


OJ = 


(Xq + q2 4- » « « 4 dm 
m 


qqPq 4agPg . . . 4 
^i4i?2 * • • 
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the corresponding ordinates AB, CD the comparative probabilities of 
these errors. 

The curve is symmetrical on each side of the axis of y, thus show- 
ing that positive and negative errors are equally probable, while the 
rapid decrease of the ordinate AB, as we recede from Qy, shows that 
large errors are not so probable as small ones, and that when we take 
a very large error, as OE, the corresponding ordinate, and, therefore, 
the probability of the occurrence of that error, becomes altjpgether 
insensible. 


n^.i 



The curve, although close to the axis of £8 at E, and always 
approaching nearer and nearer, only touches it at infinity, the axis of 
X being an asymptote to the curve. 

As said above, the curve of probabilities is always of the nature 
represented in Eig. 1. The particular form it assumes is, however, 
dependent upon the value of the constant h. An examination of 
Equation (10) shows that the smaller is the mean error, that is, the 
more accurate are the observations, the larger is h, while Equation (3) 
shows that as h is large the more rapidly will 9!) (A) or the length of 
the ordinate AB decrease, which is the same thing as to say that as h 
increases so are large errors unlikely to occur. 

On account of the ratio between the increase of exactness and 
the increase of the magnitude of h,h has received the name of the 
" measure of precision.” 

Fig. 2 is a representation of a curve in which the value of h is 
large as compared with its value in Fig. 1. 

If we suppose A to vary continuously, the probability of any 
particular error A is infinitesimal. We have pointed out that the 
probability of the occurrence of an error between A and A+tfA 
is ^(A)(fA, or substituting for 9&(A) from Equation (3) 

V TT 


. ( 11 ) 
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while the probability that an error lies between OA=a and 00 =c 
is given by the definite integral 





.dA 


( 12 ) 


This integral represents the area ACDB, Kgs. 1 and 2, and it 

will also express the proportion of errors which should occur 

# 



between A = a and A = the whole area between the axis of x 
and the curve, or the whole number of errors, being unity. Putting 
hA^t, Equation (12) becomes 

= e-‘\dt . . . . (13) 


If we seek the probability of an error between +a and -a, 
that is, if wa seek the area Figs. 1 and 2, Equation (13) 

gives us 


probability = 




hj 


ah 

ah 



(M 



(14) 


from the symmetry of the curve. 

The value of this integral has been calculated and tabulated for 
gradually increasing values of aA, and it is evident that such a 
table will show by inspection the number of errors we may expect 
to find between any two arbitrary limits, no regard being paid to 
the sign of the errors. 

A view of the distribution of these errors with regard to magni- 
tude may be interesting. The number of observations is supposed 


10 
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large only to show how small is the chance of the occurrence of 
large errors. In 10,000 errors there will probably be — 


Between 


t = 

0 

and 

t == 

0 - 5 “ 

5205 

errors 

t == 

0*5 

}} 

t = 

1-0 

3222 

33 

t « 

1*0 

3? 

t ^ 

1-5 

1234 

33 

t =: 

1*5 

33 

t = 

2-0 

292 

.33 

t = 

2*0 

33 

t = 

2-5 

43 

33 

t = 

2*5 

33 

t = 

3-0 

4 

33 


and between j 5 = 3*0 and t— there will probably not, in 10,000 
observations, be a single error. 

The definite integral (14) enables us also to deduce the probable 
error. 

By probable error we understand that error, than which there 
are as many errors less as there are greater. The probability of 
such an error must be and if then we designate the probable 
error of a single round by r, Equation (14) becomes 


1 _ 2 rhr 




, (15) 


and the table of the values of this integral, of which we have 
spoken, shows that in this case we must have 


hr == *476936 = p, suppose 


But, by Equation (10), 



hence r = *476936 . €.3 = *674489 . c/' 


(16) 


( 17 ) 


Before applying this last formula a correction must bo made, 
the reason for which we shall endeavour to explain. 

We have supposed eg to have been determined from the true 
errors of observation, whereas it has been determined only from 
the most probable errors. Now, we have already pointed out, 

It may be useful to note, that it is an even chance that the probable error of 
a single datum, r, lies between 

..a 

Also, if R be the mean range, and m be the number of rounds from which it was 
obtained, it is an even chance that we have not erred in our determination of R by 

a quantity greater than -fl- 

sjm ■ 
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that although we may select the most probable hypothesis, yet 
the odds are strongly in favour of our erring by a sTuan quantity. 

It will be borne in imind, that was calculated so as to be a 
minimum, and hence the true mean error (supposing that our 
hypothesis is erroneous by a small quantity) will be slightly 
larger than the hypothetical mean error. Equation (17) would 
then give us a probable error rather too small, and analysis shows 
that tlft proper correction is made by substituting in Equation (8) 
m — 1 for m, so that we obtain as nearly as possible from the 
equation 


^2 


2 


2(Aa) 

m - I 


■ ( 18 ) 


and this value of must be employed in Equation (17). 

We are now in a position to apply these results to practice. 
Wo shall select for illustration an actual experiment made by the 
Committee on Eifled Cannon to try the relative accuracy of two 
guns — a rifled 18-pr. of 12 cwt. and the service brass 9-pr. 

The first of those guns gave, as regards range, the following 
data in yards: — 

1023 1018 1005 1020 1005 1005 1018 1005 1026 1014 

1032 1020 1025 1024 1023 1038 1032 1032 1026 1007 

1002 1002 1002 1005 1018 1013 1032 1024 1005 1004 

1018 1018 1025 1012 1037 1038 1032 1026 1018 1025 

giving a mean range of 1019 yards. 

Hence the errors of the preceding data, assuming the mean 
range to be the true one, are, when arranged according to magni- 
tude and without regard to sign — 


19 

17 

14 

14 

13 

7 

6 

5 

1 

I'l 

19 

17 

14 

13 

13 

7 

6 

5 

1 

1 

18 

15 

14 

13 

12 

7 

6 

4 

1 

1 

17 

14 

14 

13 

7 

6 

5 

4 

1 

' 1. 


Taking the sum of the squares of these errors, we obtain from 
Equation (18) for the mean error, 

^2 = = 11-01 yards; 

whence from Equation (17) we have the probable error. 


r = •674562 = 7*4 yards . 


( 20 ) 
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. We pursue precisely the same course* with respect to the deflec- 
tions, save that we must first reduce .them all to their value at the 
mean range. 

In 
inehes- 


the 

case before 

us 

the 

deflections at 

1019 yards were, in 

32- 

right 

2 

left 

6 right 

30 right 

30 

» 

20 

right 

4 

left 

42 

33 

24 

i) 

38 

33 

0 

33 

48 

% 

33 

19 

?) 

?9 

33 

15 

right 

16 

33 

33 

3} 

39 

33 

15 

33 

20 

33 

33 

93 

39 

33 

15 

33 

24 

33 

25 

33 

32 

33 

8 

33 

16 

33 

2 

left 

32 

33 

37 

33 

6 

left 

2 

right 

18 

33 

28 

33 

4 

33 

3 

33 

14 

33 

28 

33 

17 

right 


Hence the mean point of impact is 20 inches right, and the errors, 
arranged according to magnitude and without regard to sign, are* — 


28 

22 

19 

18 

13 

12 

8 

5 

4 

2) 

26 

22 

19 

17 

13 

12 

8 

5 

4 

1 

24 

22 

19 

17 

12 

10 

6 

5 

4 

0 

24 

20 

18 

14 

12 

10 

5 

4 

3 

oJ 


. ( 21 ) 


^ It is to be observed that the method here adopted is somewhat faulty. The 
following would be the stricter course of procedure ; — 

If & be the probable angle of deflection, since & is always very small, the augular 
deflection of each round is given by the equations 

etc. 

where rj, rg, etc. are th?; ranges, and dj, etc. the corresponding deflections. 
The most probable value of Q will then be that for which 

+ (^ 2 ^ "■ » is a minimum. 

It is also obvious that the probable area is not, as is here supposed, a rectangle, but 
is such as is shown in Fig. 3. 

Fig. 3 



The error, however, induced by adopting the method followed in the text is of 
a very small order, while the calculations are thereby very much simplified. 
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Equation (8) gives us for the mean error 


and 



= 14‘5 inches 


r = ’674562 = 9*8 inches 



We have now obtained the probable error in range and in deflec- 
tion. The probability of each event is and consequently the 
probability that a shot would fall within both the probable errors is 
that is, the chances are three to one against it. 

Let us now suppose that we have found an error in range AV 
within which a little more than -j-V^hs of the errors (*7071) will 
probably fall, and an error A" in deflection, within which we may 
also expect *7071 of the errors to fall. 

The probability of a shot falling, so that its error in range shall 
be less than A', and its error in deflection less than A'", will be 

= *7071 X -7071 = *5 = I- 


The rectangle 2A' x 2A'' (Fig. 4), then, is a rectangle such 


Fig. 4 


Rangt 

tL 






that there is an even chance of any one shot failing within it, and 
this area, as before mentioned, I have named the probable rectangle. 

Now, the definite integral (14) enables us to find is! and A". 
For that integral has been tabulated according to an argument in 
which the probable error is assumed to be unity. For the argument 

^ the table gives the value of 

A 

. . . . (23) 

^ ^ J 0 

that is, it shows how many errors may be expected to be less than a 
given error, provided the ratio of the given error to the probable error 
be known. 

Conversely, the value of (23), or the number of errors which should 
fall within a certain unknown limit, A being known, the table will 
give the proportion which A bears to the probable error. 
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In the ease before us, we have 

'A ' 

= -IWl . . . . (24) 

V’rio 

and the table shows that, in this case, we have 

- = 1-66 or A = l-56r . . . (25) 

r 

Hence, from Equations (20) and (22) in the case we are di^ussing, 

we have * 

A' = 11-64 yards and A" = 15-29 inches, 

and the probable rectangle laid down as shown in Fig. 4, is 23-1 
yards long by 30-6 inches broad. 

The field gun which was fired for comparison with the rifled gun, 


practice 

ranges 

from which 

has been just discussed. 

gave the 

following 

10S8 

825 

1096 

1078 977 1021 

1014 

849 

1034 1001 

1038 

950 

1033 

1007 1030 910 

875 

963 

942 1013 

1053 

1006 

902 

900 1090 1138 

975 

975 

960 940 

1008 

1080 

965 

926 1061 932 

994 

979 

910 912 

Giving a 

mean 

range 

of 984-75 yards or 

985 yards. 

Hence, the 

errors arranged as before, according to magnitude, and witbont regard 
to sign, are — 

160 

no 

85 

75 53 43 36 

28 

21 

10) 


153 

105 

83 

73 49 43 35 

25 

20 

9 


136 

95 

76 

68 48 43 32 

23 

16 

81 


111 

93 

75 

60 45 41 29 

22 

10 

eJ 



and taking the sum of the squares of these errors, we have, from 
Equation (18), ^ 

69-9 yards . . . (27) 

whence r = ■6745e2 = 47-2 yards . . , (28) 

Again, the deflections in feet, at the mean range, were — 


24 

right 

42 

right 

6 

right 

18 left 

12 

33 

3 

35 

6 

33 

0 „ 

22 

33 

12 

35 

9 

33 

0 „ 

24 

53 

12 

53 

9 

33 

0 „ 

12 

53 

6 

33 

9 

left 

0 „ 

33 

55 

9 

33 

9 

33 

0 „ 

18 

53' 

9 

S3 

3 

33 

0 „ 

21 

S3 

24 

33 

3 

33 

.0 „ 

9 

P . 

6 


18 

33 

0 „ 

18 

33 , „ 

6 

33 

12 

33 

0 „ 
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hence the errors are- 


35 

20 

17 

11 

7 

7 

7 

5,.' 

2 


26 

19 

16 

M 

7 

7 

5 

4 

2 

1 

25 

17 

16 

10 

7 

7 

5 

■ 2 

2 

1 

25 

17 

14 

10 

7 

7 

5 

2 

1 

L 


(29) 


and summing the squares of these errors, we have 

/6711 

% = y- 


39 


13‘1 feet 


*674562 == 8*8 feet^ 


. > , (30) 

and multiplying the values of r, given in Equations (28) and (30), 
by 3*12, we obtain for the probable rectangle in this case a space of 
147*2 yards in length by 91 yards in breadth. 

Figs. 5 and 6 (see Plate I., p. 22) show the comparative areas of 
the probable rectangles of these guns at the given ranges. 

For the sake of clearness, the various steps to be taken in order 
to ascertain the probable rectangle by the foregoing 'method are here 
.recapitulated. 

First, as regards range — 

Find the mean range, and assuming it to be the true range, find 
. the errors of each round. 

Square these errors, and ■ calculate the mean error , from the 
formula 




(31) 


where 2(A^^) == sum of the squares of the errors and m= number of 
rounds fired. 

Calculate the probable error from the formula 

r = *6745^2 . . . . . (32) 

.Second, as regards deflection — 

Eeduce all the deflections to their value at the mean range. Find 
the mean point of impact, and' thence the error in deflection^ of each 
round. Square the errors, and the mean error will be given hy 
Equation (31), the probable error by Equation (32). 

Lastly, multiply the probable error both in range and deflection 
by 3*12. We shall then have the dimensions of the probable 
rectangle.* 


* It is probable that we do not err in our determination of the probable 
rectangular area by a quantity greater than + where a, p are. the, sides 

of the probable rectangle, and , , 

m being the .number of rounds fired. 
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The foregoing method of determining the probable error from the 
sum of the squares of the errors, gives us that probable error with 
greater certainty than can be attained by any other method. The 
operation of squaring the errors, however, is laborious, especially 
if the number of observations be large; and the method is in truth 
too great a refinement for ordinary artillery practice. 

We proceed to indicate a method by which the value of f may be 
obtained from a knowledge of the errors merely, and which, from its 
simplicity, and from its indicating the probable error with quite 
sufficient exactness, is well adapted for general application to artillery 
practice. Symbolising by ej the arithmetical mean of all the errors, 
we must have in this case * 


_ 2. A 
- 1 


(33) 


where SA= sum of the errors, without regard to sign; t is 
determined by the equation 

»• = -8453 .... (34) 


We have mentioned that when r is determined from e® it is an 
even chance that r lies between 

■6746.,(l ± :««?) .... (35) 

In this case, it is an even chance that the value of r lies 
between 

•8453e, fl ± .... (36) 

« \ / 

and the numerical part of the limiting values shows that wo obtain t 
within the narrowest limits when we determine it from eg. 

Let us now apply this method for the purpose of comparison to 
the cases we have already examined. In the first of these cases wo 
find from (19) that, with reference to range, 

S(A) = 366 

£j = = 9-38 yards 

and r = 7‘ 9 yards . . . . (37) 

* See Eiicke, on the Method of Least Squares. 
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Again, with reference to deflection, from (21) 


S(A) 

f 

and 

and these results, it will be perceived, differ hut slightly from those 
obtained in (20) and (22). 

In the second case, from (26) we have ^ 

2(A) == 2253 
2253 

h = " 3 ^ = 57-7 yards; 
r = 48'6 yards . , . . (39) 

Also, from (29) we have 

^1 = -39- = 10 feet 

and r = 8*4 feet , . ... (40) 


= 487 

= = 12*4 inches 

= *845€j = 10*4 inches . . (38) 


Eesults again differing by small quantities only from those 
obtained in (28) and (30). 

Hence, to obtain the probable rectangle by this method, find the 
mean range, and thence the error of each round ; calculate the mean 
error from the equation 


€ 


1 


S(A) 

m -1 


■ 01 ) 


where 2(A) = sum of the errors without regard to sign, and m = 
number of rounds fired. 

Calculate the probable error from the equatioi^ 

r - *845361 . . . . . (42) 

Find the mean point of impact, and thence the error in deflection 
of each round. Compute the mean and probable errors from 
Equations (41) and (42). 

Finally, multiply the probable error, both in range and deflection, 
by 312, to give the lengths of the sides of the probable rectangle. 

We shall now apply this method to solve a question which has 
lately been the subject of extended practice under the direction of 
Captain Hanltain, viz., to find the advantage, if any, in y)oint of 
accuracy, gained by using with the service 9-pr. a charge of 3 lbs. 
instead of that at present in use, viz., 2 1 lbs. 
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The 

lbs. charge 

gave 

the following ranges with 2° e 

levation 

798 

844 

876 

893 

907 

921 

943 

963 

1016 

10.50 

798 

845 

880 

897 

908 

927 

9|4 

964 

1017 

1050 

811 

850 

880 

897 

912 

930 

947 

967 

1018 

1066 

818 

850 

881 

898 

913 

930 

947 

973 

1022 

IO.S2 

819 

850 

883 

899 

915 

931 

950 

974 

.Km 

1082 

821 

853 

884 

900 

916 

931 

950 

976 

1020 

1089 

822 

857 

885 

901 

916 

932 

950 

983 

1030 

1123 

825 

867 

885 

904 

916 

932 

9,52 

1002 

1042 

1*1 32 

837 

868 

889 

•905 

920 

934 

954 

1010 

1049 

1139 

842 

869 

891 

905 

920 

935 

962 

1016 

1050 

1177 


giving a mean range of 936 yards. Four of these rounds we shall 
discard for the following reason:- — In a considerable number of 
observations, such as is here discussed, we have a right to expect 
that the greatest errors in excess shall not differ very grealily fi'om l,lie 
greatest errors in defect. In this case, however, the maximum 
positive error exceeds the maximum negative by imjre than a 
100 yards, a very improbable result; and as every oHicor wlio lias 
had charge of a range party knows how liable, even witli the greatest 
care, is the second graze to be mistaken for the first, wo think wo 
may here safely take the liberty of expunging the four rounds whicli 
give positive errors so much exceeding the inaximnni of negative 
errors. This liberty should, however, be most sparingly exorcisod, 
and never without adequate cause. 

We have now as a mean range 927 yards, and the following- 
system of errors, arranged as before, according to magnitndo and 
without regard to sign: — 

162 
156 
155 
139 
129 
129 
123 
123 
123 
122 


116 ^95 77 47 37 26 19 7, 

115 91 77 47 36 25 17 7 

107 90 75 47 36 2.3 16 6 

108 90 74 46 35 23 1,5 5 

106 89 70 46 34 23 14 5 

105 88 60 44 30 23 12 4 - (43) 

103 85 59 43 30 22 11 4 

102 83 68 42 29 22 11 3 

102 83 56 42 28 20 11 3 

97 82 61 40 27 20 8 0 

77 49 38 27 20 7 ; 

5240 

= 6,5-l yards 

and r = ■8453e]_ = 46'5 yards . . (.(.() 
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The deflections corresponding to the above ranges were, in feet- 


XI left 

9 

left, 

19 left 

12 right 

17 right 

14 right 

14 right 

1 

20 „ 

9 

>5 

40 „ 


7 „ 

20 „ 

39 

->7 

9 

5 „ 

0 

» 9 

14 „ 

®^1 „ 

63 „ 

17 „ 

5 


6 

5 „ 

12 

99 

1 right 

7 „ 


31 „ 

22 


6 

25 „ 

1 

9 9 

2 „ 

16 „ 

30 right 

63 „ 

17 



9 ,, 

27 

9 9 

2 „ 

20 „ 

13 ,, 

16 „ 

37 


2 

2 -5 right 

26 

99 

8 „ 

8 „ 

. 15 „ 

23 „ 

6 


29 

7-5 

3 



23 „ 

i 19 ,, 

27 „ 

8 


fl 23 


8 

9 9 

19 left 

47 „ 

228 „ 

47 „ 

35 


^16 

2 left 

8 


i 4 „ 

3 „ 

^38 „ 

17 „ 

8 


:gl4 

31 „ 

1 

99 

S bright 

56 „ 

15 „ 

15 „ 

20 


^17 

54 ,, 

23 

99 

S20 „ 

13 „ 

16 „ 

%7 99 

10 

left 

4 

22 „ 



57 „ 


32 ,, 




6 


left 


left 


and these deflections (the effects of wind being eliminated by calcu- 
lating the errors for each day separately) give the system of errors— 


44 

25 

17 

13-5 

11 

6-5 

4 

2-5^ 

42-5 

24-5 

16 

13 

10-5 

6 

4 

2 

41-5 

20-5 

15*5 

13 

10-5 

6 

3-5 

2 

39*5 

20 

15 

12*5 

10-5 

5*5 

3-5 

2 

36-5 

20 

14-5 

12-5 

9-5 

5 

3-5 

1-5 

35-5 

19 

14-5 

12 

9-5 

5 

3 

1 

29 

18-5 

14-5 

12 

9-5 

4-5 

3 

1 

28 

18 

14 

12 

9 

4-5 

3 

1 

28 

18 

13-5 

11-5 

9 

4-5 

3 

0-5 

27*5 

18 

13-5 

11-5 

8-5 

4 

3 

0*5 

26-5 

17-5 

13-5 

11 

8 

4 

3 

0-5 

25 

17 

13-5 

11 

7*5 

4 

3 

o-oj 


and from these errors, 

^1 


1186-5 

95 


= 12-5 feet 


and r = *8453 = 10-5 feet . . . (46) 

and the probable rectangle is 145’1 yards in length by 10 ’9 yards in 
breadth. 

The 3 lbs. charge from the same guns gave the following ranges : — 


816 

897 

927 

947 

967 

990 

1002 

1018 

1033 

820 

900 

927 

950 

968 

991 

1003 

1019 

1043 

826 

904 

928 

950 

972 

991 

1003 

1021 

1072 

839 

908 

933 

951 

976 

991 

1006 

1022 

1073 

863 

908 

933 

951 

978 

991 

1007 

1022 

1076 

868 

910 

933 

952 

979 

992 

1009 

1025 

1077 

873 

910 

935 

955 

979 

994 

1010 

1026 

1080 

877 

911 

936 

960 

980 

999 

1011 

1026 

1082 

882 

915 

938 

960 

981 

1001 

1012 

1029 

1109 

883 

919 

943 

964 

987 

1001 

1012 

1030 

1112 

895 

926 

947 

964 

990 

1002 

1016 

1032 

1130 
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One round was discarded from this series for the reason nutn~ 


liioned in 

the 

discussion 

of 

the preceding 

case. 

, The 

rooiaining 

rounds gave a 
errors : — 

mean of 

972 

yards, aiyl the following 

Hyslein of 

158 

104 

71 

07 

45 

37 

29 

20 

9\ 


156 

104 

68 

54 

45 

37 

29 

19 

8 


' 152 

101 

64 

54 

44 

36 

27 

19 

8 


146 

100 

64 

63 

44 

35 

25 

19 

8 


140 

99 

62^ 

63 

40 

34 

25 

19 

7 


137 

95 

62 

50 

40 

34 

22 

18 

7 

> (47) 

133 

90 

61 

50 

39 

31 

'22 

18 

6 


110 

89 

61 

49 

39 

31 

22 

17 

5 


109 

77 

60 

47 

39 

30 

21 

15 

4 


108 

75 

58 

46 

39 

30 

21 

12 

3 


105 

72 

57 

46 

38 

29 

20 

12 

oJ 



Hence yards 

and r *84536^ = 43*5 yards ■. . . (48) 


The errors in deflection, the wind being eliininated m in tlio 
former example, were, in fact — 


34 

21 

15‘5 

13 

10 

7 

5 

3-5 

P 

30 

21 

15 

13 

10 

6-5 

5 

3 

1 

27 

20 

15 

12 

9 

6 

5 

3 

1 

24 

19 

14 

12 

9 

6 

5 

.3 

1 

24 

19 

14 

12 

9 

6 

5 

3 

1 

23 

19 

14 

11*5 

9 

6 

5 

2 

•5 

23 

19 

14 

11 

8 

6 

4 

2 

•5 

22 

18 

14 

11 

8 

6 

4 

2 

•5 

22 

17. 

14 

11 

7 

6 

4 

2 

0 

21 

16 

13 

11 

7 

6 

4 

1 

0 

21 

16 

13 

11 

7 

5 

4 

1 

0- 


and 

whence 


1^08*8 
98 ‘ 
•8453 


10*3 feet; 
= 8*7 feet 


(49) 


and hence the probable rectangle is 135*7 yards in 
breadth. 


. (50) 
5 th by 9 ill 


These comparative areas are exhibited in Figs. 7 and 8 * (Plate f., 

* It will be seen by comparing Equations (4) and (40) that the prolxible dellecv 
tion deduced from the 2| lbs. charge in Captain Haultain’s practice is scmiewhat 
larger than that obtained by the Committee on Eified Cannon, with a similar 
charge and at a similar range. This is doubtless attributable to Captain Ilaultaiids 
practice having been chiefly carried on during a wind variable and across the range. 
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p. 22), and it follows that the 3 lbs. charge gives results slightly 
but decidedly more accurate than those of the 2| lbs. charge.* 

This advantage in point of accuracy does not, however, appear to 
increase in a marked manner at higher angles. 

We have partially discussed the practice made with the 2| lbs. 
and 3 lbs. charges at 4° of elevation. 

To avoid a tedious repetition of numerical examples, we merely 
give diagrams of the probable rectangles, with their dimensions, in 
Figs. 9 and 10 f (Plate L, p. 22), drawing attention to the singular 
decrease in accuracy caused by an increase in the range of about 400 
yards, the probable deflection being in fact more than doubled, while 
the range is not increased by 50 per cent.; and it would follow that 
a limit is soon reached beyond which it is mere waste of ammunition 
to fire at an object even of considerable size. 

There is yet another way of attaining, when the observations are 
numerous, to an approximate knowledge of the probable error. We 
have defined the probable error to be that error than which there are 
as many errors less as there are errors greater ; hence, if the number 
of observations be odd, the centre error (supposing the errors to be 
arranged according to magnitude), and if the number be even, the 
mean of the two centre errors, ought to give an approximation to the 
probable error. The probable errors deduced in this way from (43), 
(45), (47), and (49), are 44 yards, 11 feet, 40 yards, and 9 feet— results 
not differing very greatly from those given in (44), (46), (48), and (50). 

It now only remains to say a few words relative to the employ- 
ment of the methods pointed out. 

We have remarked on the rapid increase of error in the 9-pr. 
field gun, but we may put the more general question, “ What is the 
relative accuracy of the various guns and projectiles now in the ser- 
vice, and what are the limits of their effective ranges ? ” A series of 
experiments for the purpose would easily enable us to answer this 
question, and it is clear that an accurate knowledge of the powers of 
the guns would not only help to a right decision with regard to the 

^ It may be mentioned as a point of interest, that Captain Haultain’s practice 
above discussed was carried on on five different days. The probable rectangle 
was calculated separately from the result of each day’s practice as well as from the 
combination of all the days. The differences between these probable rectangles 
were very trifling, thus showing in a remarkable manner how regular in its irregu- 
larities was the practice obtained from these 9-pr. guns. 

f It Is to be observed in comparing the relative errors of the 2J lbs. and 3 lbs. 
charges, that the errors of the 3 lbs. charge belong to a range somewhat greater 
than that of the 2i lbs. charge. 
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most: siiitaMe^'.for any' particular service, but might be a valuable 
guide in reducing our list of ordnance. 

Wo' should, also, from a series .of suitable oxperinioiitB, l)o enabled, 
as has been suggested by Captain Lyons, to dotennino appreximaicdy 
the errors which are due to some specific causos, such as (H,i(:HHd,rwuiry 
of shot, etc., and also determine the increaso of accura.(iy (1u<^ to a, 
decreased windage. 

There is perhaps no branch of mathematics from which moir^ 
information of importance to practical artillerymen can ho gained 
than from the Theory of Probabilities. In the preceding pa, gas, an 
attempt has been made to develop one of its applications, and 
although it has been impossible to enter fully into the subject within 
the limits of such a paper as the present, we yet trust that the 
utility of applying its methods to the examination of artilhny 
practice has been sufficiently exhibited. 

To take an instance which has been the subject of considerable discaission, w<‘ 
would be enabled at once to assign the advantages in point of accuracy possessed 
by the 9-pr. over the 6-pr. at various ranges. 


Chpia/>? Pn:^c6'ce. 


PLATE. I. 


FIG. 5. 


M 

I. 


Pro bab/e rectao^k^ RiPkcb /8 P^ Mean Panpe /0J8ya/r/e. 
® 23'/ yarck.^ 


FiG.G. 

ProSaS/e recbam/b. Serv/ce Brass §P8^ Cba/m 2^ilbs. -Mean Pa/?^ 98S yards. 
/47'2yartk. 


FIG.7- 

P/vbab/e recbar^kj Service Brass PP8, Qbarye 2^^ lbs. Mean PafTpe 927 yards. 
/4S‘/ yards. 


FIG. 8. 

Pvbab/e rrchryk, /Service Brass 9P^, CbaeyeS iSs. Mean Panye 972 yank. 
f3S'7yarck. 



FIG. 3. 

ProSaS/e nsclano/e Brass SP8 Cbarm 2 /6s, Mean Rar^ /JJ2yank. 

/O^yrrek. 


FIG. 10. 

Prvbab/e reclnny/e, Brass SPP, S l6s Oharye, Mea/r Parye 1409 yarak . 

/34'7yank^ 
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EEPOET ON EXPEEIMENTS WITH NAVELS 
ELEOTEO-BALLISTIC APPAEATUS. 

(Royal ATtilhry Institution Pajpers^ 1863.) 

1. hi lorwarding t,o the Ordnance Select Committee the results 
of idle 0K|)(vriineiitB in initial velocity, which I have had the honour 
of (‘,;u‘ryi!ig on iiiider their direction, I have to make the following 
nnuurrks: — 

2. Tlu:% instrument employed in these investigations was the 
olecti’o-hallistit^ apparatus of Major Navez,^ and it may not be out 
of ]>lac(^ liori^ to recapitulate the leading points of its construction. 

Tlio iipparatus itself is merely an arrangement for measuring, 
with ext/r(oiio Jiccuracy, a certain very small interval of time. Two 
scrtMois, tlio nearer one a short space from the muzzle of the gun, are 
plaiHul at an accurately measured distance apart, and it is the object 
of th(‘. instrument to ascertain the time which the projectile takes to 
jh'iSH iivoY this Tueasured space. 

3. TIk'. ap})ara.tus consists of three parts, the pendulum, etc., the 
<i()njuuctor, and the disjunctor. The principal part is the pendulum 
u.nd graduated arc. The pendulum, before an observation, is held 
susianided by an electro-magnet, the current magnetising which, 
passes tlirough the first screen. To the pendulum is attached, by 
ineaiis of the pressure of a spring, an arm with a vernier. The pressure 
of this spring is so regulated that the arm vibrates freely with the 
penduluin, but at the same time it offers but little resistance to the 
action of a powerful horse-shoe electro-magnet, which, when the 
circuit magnetising it is, complete, clamps the vernier arm with great 
.firmness., ■ 

4 The current which passes through the second screen holds, by 
* Belgian Artillery. 
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means of an electro-magnet, a weight suspended over a s}»ring, a point 
from which is kept just over a cup of mercury. When this weight 
is permitted to fall, it presses the point into the cup of iiierc.ufy, and 
completes the circuit, magnetising the horse-shoe mague.t, which 
clamps the vernier needle. This part of the a])paratuH is tenned the 
conjunctor. The action of the instrument is very simple, and readily 
understood. When the projectile cuts the wires in tlui lli-st. s(ii'(i(m, 
the magnet which holds the bob of the pendulum in its initial positfou 
is demagnetised, and tlfb pendulum commences an oscillation. Wlion 
the wires in the second screen are cut, the weight of the conjunctor 
drops, completes the circuit, clamping the vernier, and the arc through 
which the pendulum has moved is a datum from which may be 
computed the corresponding time. 

5. An important part of the apparatus (the disjunoi,or) remains 
yet to be mentioned. It will be obvious that tlio arc, whicdi wo haves 
just supposed to be measured, corresponds to the time wdu'cli the pre- 
jectile takes to pass over the distance between the scu-oons, plus the 
time which the weight of the conjunctor takes to fall from il,H initia! 
position to the cup of mercury. IsTow, to obtain tho fornuiv, tlm latitc.r 
of these times has to be subtracted from the reading of tho instrumont, 
and the disjunctor enables us to do this by permitting us to break both 
currents (those through the first and second screens) siundtanoonsly. 
The mode of procedure is then as follows: — ^The instrumont being 
arranged, the two currents are simultaneously broken by moans of tlio 
disjunctor, and the reading of the needle is recorded. The instrumonl. 
is again adjusted, the projectile fired (the velocity of which it is desired 
to determine), and the reading of the needle again noted ; the former 
arc is subtracted froyn the latter, and the corresponding tiiuo computed. 
It will be observed that, by the use of the conjunctor, any eonal,aut 
source of error (such, for example, as the error due to the time 
required to clamp the vernier needle) is eliminated, as tho same error 
will occur both in the disjunctor and the projectile reading, and by 
subtraction will disappear. 

The disjunctor also enables us to ascertain the degree of regularity 
with which the instrument is working, as the accidental variations of 
the reading corresponding to the time 0 are, of course, tlie same as tlut 
variations which would occur in the reading corresponding to any other 
time. Major Navez lays down, as a rule, that observations should 
not be proceeded with when in a series of ten or twelve disjunctor 
readings there is between two successive readings a difference greater 
than 0°'25. 


ELECTRO-BALLISTIC APPARATUS 


25 






i!' 

1,1 



6. It is of some importance to be enabled to pnt an exact estimate 
on the degree of reliance to be placed on the results of Major Ifavez^s 
beautiful instrument ; and, tb do this, let us observe that the arc from 
which the required time is computed is the difference between two 
arcs, in our estimation of each of which we are liable to a small error. 
We have in fact the value of one arc $ given by the equation 

. . . . . ( 1 ) 

where ^ and are each subject to probable trrors (let us suppose) 
r and r ; the probable error of $ is then If, after the 

satisfactory working of the instrument has been ascertained and 
the probable error determined, we take a single reading with the 
disjunctor, and then with the projectile, r and / are equal, and the 
probable error of the observation is r \/2. We have it, however, in 
our power, if it he thought necessary, to reduce even this error, for 
if the disjunctor reading be taken, the mean of, say five observations, 

r IW 

we have probable error of $ is which differs 

but slightly from r. An example will show how very trifling this 
error generally is. With an Armstrong 12-pr. shell, whose velocity 
is detarinined to he 1181 feet per second, the value of r is found to 
be 0'"*06, and the disjunctor reading being the mean of five observa- 
tions, the probable error of # is 0“*07. 

Hence the disjunctor reading being 42°'85, and the projectile 
reading 107°*40, it follows that it is probable that in our determination 
of 1181*2 feet as the velocity at a point midway between the screens, 
we do not make an error exceeding 1*4 feet ; that is to say, it is an even 
chance that the true velocity of the single observation lies between 
1179*8 feet and 1182*6 feet. As the round from which the above 
example is selected is one of a series of ten, the probable error in 
our determination of the mean velocity between the screens will be 
less than one-third of that just given, or the mean velocity maybe 
assumed, as far as instrumental errors are concerned, to be practically 
correct. 

7* The experience which I have had with Major hfavez’s instru- 
ments enables me to say, that if ordinary care be taken in their 
use, and the instructions carefully followed, the instruments are so 
nearly perfect as to leave little to be desired, while the ease with which 
they can be manipulated and the innumerable important problems 
which can be readily solved by their means, render them an invaluable, 
an almost indispensable, adjunct to every school of instruction. 
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\ a, Two. instrunients, Nos, 24 and 3.2, were used in ih(jHO oxpori- 
inents..,. The, times of vibrations of the penduliiirm wow (iaroriilly 
determined by means of a stop-watch, ami tlio ratci of tln^ wa^K'h was 
ascertained by comparison with an astroaiomioal cjIoc'Jc. I’lio obsto’va, - 
tions made for this purpose are given in Appcmdicos ’^' Nos. 1. aji<l IL, 
and from them it appears that the time of a, sma.l! ostalhithai in 
instrument No. 24 is 0'3320 seconds, while in No. ‘>2 it is 0'2»*b‘>7 
seconds. 

9. In Appendices,*^ HI. and IV. are given corrected tables, 
showing the relations between the arcs passed through and tlie 
corresponding durations for T = 0’3320 seconds, and for T = 0*3337 
seconds. 

10. The experiments referred to in this r(',port have rcga,rd 
chiefly to initial velocity alone; and for the small distance comauanul, 
the law of resistance adopted may be thought of small pratflhail im- 
portance, ospeoially as before the experiments now (ainhul on are lajn- 
eluded, the Committee will doubtless be in a ])osiiion io sa}' wlieih(;r 
this law is better expressed by a function of the fotnn 

as proposed by General Piobert, or by one of form + 

as proposed by the Count de St Robert and Colonel IMajawski. In 
the present instance, both the law of resistanc-o and tlu^ valiums of tlia 
coefficients given by General Didion in Ids invaluabh', work liava 
been followed, although it may, perhaps, ba infm‘ro<l from a ]>a.Bsaga 
in the recent edition of the TmiU de BaMslique, tliat lata expeui- 
rneiits with the eleotro-ballistic apparatus do not give results in 
quite so close an accordance with theory as might havt^ bc.cn 
expected. 

11. In the fir^t edition of General Didioids work, ])nblisluul in 
1848, a term was introduced into the expression of i"('.sistanc<^ 
of the air dependent upon the diameter of tlie ])rojoctiIo, a, ml lids 
form of the expression has been generally used upon the Continent; 
but a recalculation of the data upon which this result was rounded 
has led General Didion to conclude that the coefficient is indopondent 
of the calibre, and that the resistance is represented with sufficient 
accuracy by the equation 

where R = racliu3, « = velocity, ^ = density of the air at tinio of 

* These Appendices, having reference only to the use of the instruments now 

superseded, are Gmitted. 
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observation, and = standard density of air; the metre and the 
kilogramme are taken as units. 

In this formula the density of the air is denoted by referring 
its weight to a standard of comparison, which is assumed as the 
weight of a cubic metre of air at a temperature of 15° Cent., 
semi-saturated with vapour, and under a barometric pressure of 
760 mm. 

Now, if in Equation (2) the English foot and pound be taken as 
units, the value of the numerical coefficients will be altered, and the 
equation becomes 

p = -GOOSlST^RV.-i/l + . I 

8, 1 1426-4 J 


In the ordinary determinations of initial velocity it is hardly 
necessary to take the variations of the density of the air into account, 
and it only remains so to alter the coefficient •0005137 that the 
error arising from neglecting this variation may be as small as 
possible. 

12. According to Eegnault, the weight of a cubic foot of dry air 
at a temperature of 32° Fahr., and under a barometric pressure of 
30 inches, is = 566*56 grains; and according to the same author, the 
coefficient of the expansion of the air for an increase in tempera- 
ture of 1° Fahr. is = *002036. Hence if S he the weight in grains 
of a cubic foot of dry air at any temperature and pressure 11, 

n 566-56 

^ 30‘l + '•002036 

but (see Miller's p. 28) — • 

Weight of moist air at any temperature and pressure _ ^ 0.37g 

Weight of dry air at same temperature and pressure 11 


where T= tension of the aqueous vapour. Hence the density of the 
air under any circumstances will be found from the following 
equation : — 


3 = 


(^1 - 0-378 566-56 

30 ■ iT-6oMM(?^W)' 


- ( 3 ) 


And if we assume as the English standard of comparison the weight 
of a cubic foot of air at a temperature of 60°, under a barometric 
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pressure of 30 inches, and if we further assume the humidity- 
0-5, from (3) we find (5 = 634-3 grains, and Equation (2) becomes 


p = •00052I37rR'V“^l + 


Y d 


. (I) 


and under ordinary circumstances the fraction 
as equal to unity. 

13. The above forfimla (4) applies to spherical projectiles ; in the 
case of the Armstrong projectiles, the resistance of the air is repre- 
sented by 

+ . . (r,) 

The velocity v at a point midway hotwoon the hcixk^uh ha.vin<i; 
teen determined by observation, the initial vidotdty v.? is dodneod from 
i.t by the equation 



where 'r = 142(b4, distance, on the axis of tlie giin prodticod, 


the point corresponding to % 


w 

27h(f 


Qv lH 3 ing tlie woiglit of tlu^ 


projectile in lbs., g the acceleration of gravity, and in the case 
of spherical projectiles, =‘00052137rR‘^; in the case of AniiBtrong 
projectiles, =*00034757rRl 

14. Discussion of the results. The experiments naidi.) relates 
solely to the determination of the initial velocity of sorvici^ pro- 
jectiles fired fropi service guns with service charges. I.I 10 iletdiiliul 
results of the practice furnished in extenso giv<^ (umry paii/itnihu' 
with regard to it, and the table on next page gives an absti'a.(jt. of 
the general results. 

It will be observed that the values of the ''Measure, of pre- 
cision for each of the series of which the result is here given, is 
placed in the above table in a separate colunm. Tlio va'hio oi' 
this constant denotes the comparative regularity of the initial 
velocity. 

As might perhaps be expected, from the absence of windage^ the 
12-pr. Armstrong has shown the greatest regularity, ami T liavo 
therefore assumed the measure of precision for this gun as unity. 

An inspection of the values of the "Measure of precision'' will 
show how great is the amount of irregularity which exists in the 



Table 1. Abstract of the results of experiments to ascertain tJie initial mlocity of sercice projectiles fired from sermce gum 

with service charges. 
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The results with the 6-pr. Armstrong require confirmation. 
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initial velocities of some of the projectiles fired from smooth-bored 
guns. 

To illustrate the application of these constants, wo may comijaret 
their value for the 12-pr. howitzer and the 12-pr. Armstrong, tii(» 
velocities of the projectiles fired from these guns being nearly (,h(i 
same, but by the table it appears that the measure of ]ireeision in 
the former case is only about one-fourth of that in the latter ease, 
or in other words, the mean error in initial velocdty alone is 
nearly four times as great. The great irregularity in the initial 
velocity of the Martin shells is also very conspicuous. 

15. The relation between initial velocity, weight of charge, 
weight of projectile, and length of bore is given (see Didion, Traiti 
lie by the following equation : — 


'V' 


/* 

m. + 


• b’g 


M 

P 


C-' - C'- 


. (7) 


when V = initial velocity, = weight of charge, m = weight (»i‘ sluit, 
bottom, etc., M = quautity of powder required to fill tins borci, (j 
calibre of gun, C' = diameter of shot, y and \ are constants whoso 
values have to be determined by experiment. The H(!(!ond toi'iii of 
the right-hand member of Equation (7) ropr('.Honts the dt^c.i'omout i!i 
initial velocity due to windage, and the value, of the cofhruiie.nl, \ 
should be derived from a series of experiments expressly instituted 
for the purpose. Strictly speaking, this value doiiends uj)on a gniat 
variety of conditions, but chiefly upon the strength and jiliysieal 
properties of the powder, and upon the longtli of the boro of tho 
gun. Under normal cu’cumstances, however, the mean vahuf of X 
may, with but a very trifling error, be assumed; amUlonoral Didion, 
in his work above referred to, gives X = 2d00 as tke result of l.he 
Erench investigations with the service gunpowder, but an analysis 
of the above experiments points to a considerably higlier value. 
Indeed, from instances in these experiments, where the variation in 
windage was sufficiently great, 3158 has been obtained as tho mean 
value of X, and as this number very nearly agrees with that stated 
by Colonel Boxer to result from the mean of Major Mordeeai’s 
extensive experiments on windage, I have taken as correct tlu^ valnc, 
of X, viz. 3200, given by that officer. 

Assuming X as above given, y is easily computed from the data 
furnished by experiments, y varies chiefly with tho naliure and emi- 
dition of the powder employed, and the annexed table given tlu! vjdnes 
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wMcli have been obtained for the several guns experimented with, and 
the nature of the powder used in each case. 


Table 2 . — Values of 7 /or the undermentioned smooth-bored 
guns, deduced from the experiments recorded in Table 1. 


Nature of gmi. 

Nature of powder. 

Value of 7 . 

10-in. gun 

68-pr. (95 cwfc. ) . 

<>9 • * • 

5- in. gun (65 cwt.) . 

32-pr. (58 cwt.). 

24-pr. (50cwt.) . 

18-pr. (38 cwt.). 

12-pr. (18 cwt.) . 

9-pr, (13 cwt.) . 

6- pr, (6 cwt.) . 

12-pr. howitzer . 

24-pr. howitzer. 

L. G.,W. A. 

L. G. , Hall & Sons 

L. G., W.” a. 

99 99 

’ L. G. " 

99 

>'> 

3284 

3491 

3536 

3307 

3428 

3390 

3454 

3561 

3422 

3321 

3291 

3275 


The experiments under the discussion show that the equation 
V = y^J- 


m + 


• log.- - 3200 -^ 


( 8 ) 


gives the velocity due to a variation in the weight either in the charge 
or projectile with great exactness, the proper value of y being used 
in each series, and this equation has therefore been used to calculate 
the initial velocities of the various projectiles thrown from smooth- 
bored guns. 

These velocities may be depended upon as correct (supposing the 
same powder to be used) within very narrow limits, aSid the computed 
velocities are in this ease perhaps preferable to direct determinations, 
as, unless the whole series for each gun were carried on at the same 
time, and with powder of exactly the same nature and date of manu- 
facture, discrepancies from variations in the strength of the powder 
would be sure to arise. 


[Table 5^ 
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Table $,-~Showing the initial vdocitm of tJm variou,^ ,sYf/v?/w praj>(iJM' Jmul from 
the imdsTmentioned ffuns. The velocities marked * are otmerred ; the re- 
mainder, are calculated from the data ftmthhed la/ the ohserced reiodtles. 


Nature of Ordnance. 

1 

s 

Frqiectile. 


a" 

i’f 


"f- 


§ 

6 

Nature, 






// 

Lhs. 


Sibri. 


It 8. 

It T. 

10-gnn (87 cwt) 

10 

12 

Hol shot 

s8--i7r> 

*142 

Vi/O-'t'' 

990-0 


10 

8 

Mar. shell 

117*M 

•M25 

930-r’* 

702*8 


w 

12 

Com. shell 

92*6)25 

*15 

1-37-5 

1015-1 


10 

12 

Case 

77 -6-^5 

•IS 

1353*7 

986*3 


10 

12 

Grape 

86-675 

*18 

1308*1 

9(89*3 

68-pr. (95 cwi) 

812 

16 

Shot 

66*224- 

•168 

lf>70-0’ 

1144*9 


8*12 

16 

Nav. shell 

51 -5 

‘17 

1809*9'' 

1169*8' 

!>? 9) * 

8*12 

16 

Com. shell 

49*875 

*226 

i7sto-7* 

1100-0' 


8*12 

10 

Mar. shell 

60*0 

• 2:15 

1308-5* 

712*3; 

» » » » * 

8*12 

16 

Diaph. shell 

60*75 

•195 

l(i27-i> 

f 116*3 1 


8*12 

16 

: Case 

45*687 

•265 

1818*1 

10 17*2 1 

tf * 

8*12 

16 

Grape 

66 *5 

"3 

1475*3 

{Oo:;‘6. 

8-gnn (65 cwt.) 

8*05 

10 

HoL shot 

4<h007 

*2! 

MH7-!l- 

706 ‘3 i 

»» 'I* • 

8*05 

10 

Corn, shell 

49*875 

*191 

146 i'l ' 

74 i u; 


8*05 

10 

Mar. shell 

51 *5 

‘13 

{50(5 •I' 

810-1 


8*05 

10 

Diaph. shell 

(50*75 

*125 

1356*9 

775 *6 

If I* • 

8*05 

10 

Case 

•15-(!.S7 

*195 

J 7 12*7 

929 *3* 1 

ff ff * 

8*05 

10 

Grape 

(56*5 

*23 

1214*1 

680 *n 

32-pr. (58 cwt.) 

6 •37!) 

10 

Shot 

31 *.375 

* 1 96 

1690 ’(V 

6631 *4 


6-37r) 

8 

,, 

31 ‘389 

*191 

1618*7'' 

570*3 


fi-37r> 

6 


31 ‘349 

•195 

1447*5' 

455*5 


6-375 

10 

Com. shell 

24 *312 

•198 

1912*6 

616*7 


6-375 

10 

Diaph. shell 

28*75 

•198 

1762*4 

619*2 

•19 99 • 

6*375 

10 

Case 

3(5*094 

*228 

1543*8 

596 *5 

99 If • 

6*375 

10 

Grape 

36*25 

! *228 

1540*3 

' 596 *4 

24-pr. (50 cwt.) 

5*823 

8 

Shot 

23*047 

•208 

1720*r0' 

1 482*2 

.S'* ' ss * 

5*823 

8 

Corn, shell 

17*5 

*228 1 

1948*2 

460*4 

>s , ss * 

5*823 

8 

Diaph. shell 

20*875 

•228 

1786*0 

461*7 

s» , s» • 

5*823 

8 

Case 

25*59'1 

•2435 

1594*7 

451*3 

»» ss . » 

5*823 

i. 8 

Grape 

2(>*0 

•253 

1571*6 

445*3 

18-pr. (38 cwt) 

5*292 

6 

Shot 

'17*656 

■205 

1690*(P 

349*9 

s» , ss . 

5*292 

6 

Com. shell 

13*125 

•i9.‘} 

1971*6 1 

353*8 

ss ss • 

5*292 

6 

Diaph. shell 

15*875 

*193 

1797*3 

1 35i.»’6 

ss- , ss # . 

5*292 

6 

Case 

19*5(52 

•218 

1588*5 

J > * 1 Mr 

»s , »s . . 

5*292: 

6 

Grape 

19*5 

*218 

1591 *2 

342*3 

12-pr. (18 cwt ) . . , 

4*623 

4 

Shot 

12 *{55(5 

■803 

1769*8’^ 

271*9 

' SS ff • 

4*623 

4 

Com. shell 

9*0 

•169 

1987*4 

246*5 

" 9» ' . 

4*623 

4 

Diapli. shell 

10*375 

‘169 

1854*7 

247*5 

' ■ ■ ' . 1 

. ■ SS ss • ■ 

4*623 

4 

Case 

16 ■(525 

•159 

1469*8 

‘2-1 9*0 

9-pr, (13 cwt) , ,- 

4 *2 

2*5 

Shot 

9*359 

•1 

1613*7=' 

'i(;9*o 

SS 'IS • 

4*2 

2*5 

Diaph. shell 

8*062 

*12 

1707*3 

it;2*9 

ff if » 

4*2 

2*5 

Case' 

13*0 

•1315 

1318*8 

156*8 

6-pr. (6 cwt) 

3*668 

1*5 

Shot 

6*23 

T 

1484*5'^ 

95 *2 


3*668 

1*5 

Diaph. shell 

5*125 

•IIS 

1608*8 

92*0 

ff ff ' 

3*668 

1*5 

. Case , 

8*5 

*1275 

1215*8 

87*1 

12-pr. howr. (6| cwt. ) 

4*58 

1*25 

Com. shell 

9*0 

•126 

1144-6" 

81 *7 

9f , SS 

4*58 

1*25 

Diaph. shell 

10*465 

‘126 

1058*1 

81*2 

' SJ ss 

4*68 

1*25 

Case 

8*118 

•148 

1185*5 

79*1 

2i-pr. howr. (12 cwt) 

6*72 

2*5 

■ Com. shell 

17*5 ■ 

•125 

1 222 ‘O'**' 

181*4 

, S5 ' : ' ,SS 

6*72 

2*5 

Diaph. shell 

20*875 

*125 

1113*0 

179*2 

s> »s 

5*72 

2*5 

Case 

14*014 

•15 

1369*9 

182*4 


* The mean weights and windages of the Yarioiis projectiles have been l:aken. 
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TRAJECTORY OF 12 P? ARMSTRONG GUN N<? 224 FIRED WITH SERVICE CHARGES. 
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Variation of tho initial mlocity of the \2~pr. Armstrong in terms of 
the weight of the charge. 

16. The decrease in the range of the 12-pr. Armstrong, due to a 
slight reduction of the charge, had not, in experimental practice, 
escaped the notice of the Ordnance Select Committee, and it heeame 
a point of interest to determine the dependence of the initial velocity 
on the charge, and to ascertain if it followed even approximately the 
same laws as have been laid down for smooth-bored guns. 

17. The experiments, an abstract of wiiich^is given in the first 
series of Table 4, were undertaken with this View; but in laying 
down in the form of a diagram the results thus obtained, marked 
differences were found to exist, which will best be understood by 
comparing the two curves delineated in Plate IL, Fig. 1, in the 
accompanying diagram. The black line in this diagram shows the 
relation of the initial velocity to the charge as derived from this 
series by actual observation, while the red line denotes the hypo- 
thetic relation as determined from the equation 

'V = 3230-8 J —t — w.l— 

V /X ® «, 

m+-L 

whore /x and m denote the weight of the charge and shot in pounds, the 
value of the constant in this equation being determined from the 
velocity when the service charge of 1 lb. 8 oz. was employed. 

It will be observed that while the hypothetic curve is always 
concave to the line of abscissee, in the curve derived from actual 
observation there ai*e two points of inflexion, it being in one portion of 
its trace convex instead of concave to the axis of x, 

18. To check the results obtained in this series, a second series 

with another gun was subsequently made, the affstraet of which is 
given in the second series, Tabje 4. Their graphical representation ^ 
is delineated in Plate II., Fig. 2, in which, as before, the black line 
denotes the observed curve, the red the computed one, the value ofv 
being given by the equation 

V = 3026-6 J — — W.— 

’”+'3 

the coefficient in this case, as in the former, having been determined 
from the data furnished in the case where the service charge was used. 

19. Although in this second ease the initial velocities are, owing 
to powder of a different strength having been used, very considerably 
under the velocities in the former case, it will be noticed that the same 

c 
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peculiarities are observable, there being a portion of the curve with 
its convexity turned towards the axis of abscissas. 

20. The cause of the wide departure from the normal law exhibited 
in these diagrams is easily explained. It will bo reme,ml)orod tliat in 
the Armstrong gun, the shot always occupies k definite position in the 
bore, the service charge nearly filling the powder-chamber. Honco it 
follows that if reduced charges be used, additional air space is left 
in the chamber, so that in addition to the decrement of velocity due to 
reduction in the eha:jjge there is to be added the decrement due to 
the increased air space, and it is easy to see how the combination of 
these conditions may produce the abnormal results alluded to. 

21. The annexed table gives an abstract of the results of these 
experiments, and I also attach a table giving for powder of average 
strength the initial velocities for various charges. 


Table 4. — Ahstract of the results of experiments to aseertain the initial rehaUji oj 
l2-pr, Armstrong projectiles in terms of the weight of the charge. 


Armstrong 

12-pr. 

No. of 
rounds. 

Charge. 

Projectile. 

Velocity 

at) 

80 yards. 

Ininal 

velocity. 

, 

Initial 

energy. 

Weight. 

Diameter. 



Lb. 

oz. 

Lbs. 

oz. 


F. S. 

F. S. 

F, 'l\ 

No. 224 

10 

1 

4 

11 

9 

3 ’084 

1055-3 

1063 -I 

<H)-6 


10 

1 

6 

11 

9 

3-085 

1092-4 

non -7 

97-1 


10 

1 

8 

11 

9 

3-084 

1180-9 

1190-2 

113*6 


10 

1 

10 

11 

9 ' 

3-084 

1224*8 

1231*6 

1 22 *2 

11 

10 

1 

12 

11 

9 

3-084 

1262-0 

1272-2 

129-7 

No. 1050 

10 

0 

14 

11 

9 

3*084 

803-8 

809-2 

52*5 

„ 

10 

1 

0 

11 

9 

3*084 

863-9 

870*0 

60*7 


10 

1 

2 

11 

9 

3*084 

924-6 

931*1 

69-5 


10 

1 

4 1 

11 

9 

3*084 

997 -S 

1005*1 

81 -0 


10 

1 

6 { 

11 

9 

3-084 

1050*2 

1058*0 

89-7 


10 

1 

8 1 

11 

9 

3-084 

1106*4 

1 11 ! -8 

99*6 

11 

10 

• 1 

10 i 

1 

11 

9 

3*084 

1178-0 

1187*3, 

113*0 


Table 6,—Showing the velocity of a 12-pr, Armstrong prqjeciile in relation the 

weight of the charge. 


Weight 

of 

charge. 

Initial 

velocity. 

Initial 

energy. 

Weight 

of 

charge. 

Initial 

velocity. 

Initial 

energy. 

Weight 
of , 

charge. 

Initial 

velocity. 

‘ 

iniiiai 

(Mi'Tgy. 

Lb. oz. 

P. s. 

F.T. 

Lb. 

oz. 

F. B. 

F. T. 

Lb. oz. 

V, S. 

F.'T. 

0 14 

870 

60-7 

1 

3 

1036 

86-0 

1 8 

i!90 

113*5 

0 15 

908 

66-1 

1 

4 

1063 

90-5 

1 9 

12M 

118-1 

1 0 

943 

■ 71-3 

1 

5 

1087 

94-7 

1 10 

123,1 

122*1 

1 1 

976 

76-4 

1 

6 

1119 

100*4 

1 11 

i 25 1 

1215*1 

1 2 

1007 

81-3 

1 

7 

1155 

106-9 

1 12 

1272 

i29-7 


The weight of the projectile for this table is 11 lbs, 9 o'/„ 
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Variation in the iriitial velocity of the Armstrong projectiles in terms of 
the weight of the shot, 

22. From the considerations mentioned in the foregoing paragraph, 
it would naturally be expected that if the weight of the shot be 
varied instead of that of the charge, there would be a much smaller 
discrepancy between the computed and the observed velocities, as in 
this case, the charge remaining the same, there will be no variation in 
the amount of air space in the powder-chamber.^ 

23. The series given in Table 6 were undertaken with a view to 
elucidate this point. A graphical representation of the observed and 
computed velocities is delineated in Plate III, p. 32, the computed 
velocities being obtained from 


I) == 3358-9 



log. 


18-5 

/X 


and a glance will show how closely in this case the observed velocities 
accord with the hypothetical ones. 

At one point only (where the 9 lbs. projectiles were used) is 
there any appreciable difference, and this difference is capable of the 
same explanation as has already been given in par. 20, as, from the 
construction of this projectile, a greater air space was left in the powder- 
chamber than in the case of the other projectiles, the position of the 
base of all of which in the bore of the gun was identically the same. 

The annexed tables, 6 and 7, exhibit an analysis of the results 
obtained from these experiments. 


Table 6. — Abstract of the results of the experiments made to determine the initial 
mloGity of projectiles fired from the Armstrong gun^ the weight of 

the shot being varied. 


Armstrong 

12-pr. 

No. of 
rounds. 

Cliarge. 

Projectile. 

Velocity 

at 

30 yards. 

Initial velocity. 

Initial 

energy. 

Weight. 

Diameter. 

Ob- 

served. 

Com- 

puted. 



Lb. 

oz. 

Ijbs. 

oz. 


P. S. 

F. S. 

F. S. 

. F. T. 

No 224 

11 

1 

8 

11 

13 

3-084 

1164-5 

1173-4 


112-8 

>5 

11 

1 

8 

11 

5 

3-084 

1192-9 

1202-5 


113-4 

S') 

10 

1 

8 

10 

13 

3-084 

1209-8 

1220-1 


111-6 ■ : 

No. 1050 

5 

1 

8 

9 

0 

3-074 

1322-3 

1336-3 

1384-0 

111-4 


6 

1 

8 

11 

9 

3-084 

1227-4 

1237-2 

1237-0 

122-7 ^ 


6 

1 

8 

24 

6 

3-084 

853*9 

1 856-7 

860-3 

125-1 i 


6 

1 

8 

35 

14 

3-084 

720-0 

721-5 

710-1 

129-5 


5, 

1 

8 

47 

13 

3-084 

613*9 

614-8 

618-1 

125-2 
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Table ^.-Showing the velocity of projectiles of various weights fired from a 
12-p7\ Armstrong gun. 


Charge. 

Weight of 
shot. 

Initial 

velocity. 

Initial 

energy. 

Charge. 

Weight of 
shot. 

Initial 

velocity. 

Initial 

energy. 

Charge. 

Weight of 
shot. 

j Initial 
j velocity. 

1 ^ 
i 

Lb. oz. 

Lbs. oz. 

F. S. 

F. T. 

Lb. oz. 

Lbs. oz. 

F. a 

F. T. 

Lb. oz. 

him. 

oz. 

F. S. 

F, T. 

1 

8 

9 0 

1380 

118-8 

1 

8 

22 

0 

900 

123*5 

1 

8 

35 

0 

730 

129. *3 

1 

8 

10 0 

1321 

121-0 

1 

8 

23 

0 

881 

123-8 

1 

8 

36 

0 

720 

129*4 

1 

8 

11 0 

1266 

122*2 

1 

8 

24 

0 

864 

124-2 

1 

8 

37 

0 

710 

129*3 

1 

8 

12 0 

1213 

i52*4 

1 

8 

25 

0 

850 

125-2 

1 

8 

38 

0 

700 

129*2 

1 

8 

13 0 

1174 

124*2 

1 

8 

26 

0 

835 

125-7 

1 

8 

39 

0 

691 

129*1 

1 

8 

14 0 

1134 

124*8 

1 

8 

27 

0 

827 

128*0 

1 

8 

40 

0 

682 

128*0 

1 

8 

15 0 

1095 

124-7 

1 

8 

28 

0 

810 

127-4 

1 

8 

41 

0 

673 

128*7 

1 

8 

16 0 

1060 

124*6 

1 

8 

29 

0 

797 

127-7 

1 

8 

42 

0 

664 

128*4 

1 

8 

17 0 

1027 

124*3 

1 

8 

30 

0 

785 

128*2 

1 

8 

43 

0 

655 

127*9 

1 

8 

18 0 

997 

124*0 

1 

8 

31 

0 

773 

128*4 

1 

8 

44 

0 

6-16 

;i27*;i 

1 

8 

19 0 

970 

123*9 

1 

8 

32 

0 

762 

128*8 

1 

8 

^.15 

0 

638 

127*0 

1 

8 

20 0 

945 

123*8 

1 

8 

33 

0 

751 

129*0 

1 1 

8 

4i} 

0 

630 

:i2r>*(> 

1 

8 

21 0 

923 

124*0 

1 

8 

34 

0 

740 

129*1 

1 

8 

47 

0 

622 

126*1 


Variation in initial mlocity bekveen liigh and low gauge projeAflle^ 

{Armstrong). 

24. The experiments in Table 8 were made with a view to ascer- 
tain whether there is any difference in velocity between projc^ctiles 
of the highest and lowest gauges admitted into the service. 

The results are here given, and it will be seen that there exists 
between the velocities no appreciable difference. 


Table 8. — Abstract of the results of the experiments made to ascertain the differ am 
in initial velocity between high and low gauge pi'ojectiks. 


Armstrong 

12-pr. 

No. of 
rounds. 

Charge. 

« 

Projectile. 

Velocity 

at 

80 yards. 

Initial 

velocity. 

Eemarlvs. 

Iiiit-ial 

(vnergy. 

Weight. 

Diam. 

No. 224 

>> 

5 

6 

11 

8 

Lb. oz. 

1 8 

1 8 

1 8 

1 8 

Lbs. oz. 

11 9 
11 9 
11 9 
11 9 

3*080 

3*085 

3*080 

3*085 

F. S. 

1184*1 

1177*2 

1184*1 

1187*8 

F. S. 

1193*4 

1186*5 

1193*4 

1197*1 

1 Bore washed J 

\ Lubricating | 
f wads useci 1 

F. T. 

11-1*1 
' 112*9 
1M*-| 

111*8 


25. In the series of which an abstract, Table 9, follows, art^ given 
the comparative initial velocities of the old (A) and new (Q) pjittcuii 
12-pr, shells, both with and without lubricating wads. 

It will be seen that while the old pattern shell has, although 
scarcely appreciable, a slightly higher initial velocity, duo to the 
greater diameter at the bach end, the introduction of the lubricating 
wads adds to the velocity about 15 feet. 
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The effeeti of the greater diameter at the back end will be again 
referred to; but it is interesting to observe that while the mitia.l 
velocity is increased by offering, in the first instance, increased 
resistance to the motion of the projectile, it is also increased by 
diminishing as much as possible the resistance of the friction in its 
passage through the bore. The explanation of these results is too 
obvious to require remark. 


Table 9.^ — Abstract of experiments made to ascertain difference in initial 
velocity of old and new pattern 12~pr. shells, with and without luhncatiny 
wads. 


Armstrong 

No. of 



Projectile. 

Velocity 

at 

30 yards. 

Initial 

Kemarks. 

Initial 

12-pr. 

rounds. 


Weiglit. 

Diam. 

velocity. 

energy. 



Lb. 

oz. 

Lbs. oz. 


F. S. 

F. S. 


F. T. 

No. 224 

15 

1 

8 

11 9 

3*072 

1164-2 

1163*2 

Q. Pattern shell 
lubricating wad 

108*4 

»# 

14 

1 

8 

11 9 

3*085 

1157-1 

1166*1 

A. Pattern shell 
lubricating wad 1 

109*0 

>» 

13 

1 

8 

11 9 

3*072 

1142*0 

1150*8 

Q. Pattern shell 
bore washed 

106*1 


10 

1 

8 . 

11 9 

3*086 

1140*6 

1149*4- 

A. Pattern shell 
bore washed 

105*9 


26. Table 10 gives an abstract of the experiments made to com- 
pare the initial velocities of shell of the same form and weight, fired 
from rifled and smooth-bored 32-prs. of 58 ewt. The ribbed shell 
was, in the first case, fired from the rifled gun. Shells of the same 
form, diameter, and weight, but with the ribs removed, were then 
fired from the rifled gun, and finally similar shells were fired from a 
smooth-bored 32-pr. 


Table 10. — Abstract of experiments to ascertain the comparatim velocities of the 
same shell, fired from rifled and smooth-bored Z^-prs. of 58 cwt. 


Nature of gun. 

Obarge. 

Projectile. 

Velocity 

at 

30 yards. 

Initial 

Remarks. 

Nature. 

Weight. 

Diameter. 

velocity. 

32-pr. 9 rifled . 

Lbs. oz. 

5 8 

PI. shell 


Lbs. oz. 

54 0 

6*350 

1215-7 

1224*5 


>s »» • 

6 8 



54 0 

6*350 

1122-1 

1185*3 

1 Ribs 

I of 

32-pr. 9 58 cwt. 

5 8 



54 0 

6*350 

1187-4 

1201*7 

( sheU 
j removed. 
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■ The ' velocities in these three cases were respectively 1224*5, 
1I35*3, and 1201*7 feet per second. The great difference in velocity 
in the second case is due to the escape of gas by the grooves in tlie 
rifled gun. 

27. With the same rifled 32-pr. gun, experiments were also made 
to ascertain the reduction in the initial velocity due to an elongation 
in the cartridge, and the results of these experiments are liere 
tabulated. 


Table 11,’— ‘Abstract of experiments made to ascertain the initial velocities of 
projectiles fired from a Z^^-pr. rifled shunt gun, with charges made up in 
cartridges of various lengths. 


Nature of gun. 

No. of 

Cartridge. 

Projectile. 


Ve.lociiiy 

at 

80 yards. 

Initial 

rounds. 

Charge. 

Length. 

Nature. 

Weight. 

Diamottir, 

velocity. 

Rifled 32-pr. 

4 

Lbs. oz. 

5 8 

Iiiclie.s. 

12 

PI. shell 

Lbs. oz. 
54 0 

6-350 

1054-6 

106:1-7 


3 

5 8 

9 

»» 

54 0 

6-350 

1076-8 

1081-2 

ill 

1 

5 8 

8 


54 0 

6-350 

1X02-2 

ll(}<)-8 


1 

5 8 

7*5 

,, 

54 0 

6-350 

1114-6 

1122-3 


2 

5 8 

6 


54 0 

6*850 

1187-9 

1196-4 


From the rapid increase in the initial velocity shown in this 
table, due to the reduction in the length of the cartridge, the effect of 
the variation in air space in the 12-pr. Armstrong, to which I have 
already alluded, will be easily understood. 

28. The experience of the preceding practice, together with 
theoretical considerations, having pointed to a probable decrease in 
velocity should the diameter of B.L. projectiles be diminished or 
reduced to that of the bore, the experiments, of which an abstract is 
given in Table 12, were undertaken with the object of corroborating 
or discovering this view. 

From the abstract of this interesting series it will be seen tliat 
while the velocity of the projectiles under normal circumstances was 
1248-2 feet^ per second, when their diameter was reduced to that of 
the bore, with the exception of a narrow band at the back end, it 
became only 1209'7 feet per second ; and when the diameter was 
finally reduced throughout to that of the bore, it was reduced to 
1172-8 deet. In the rounds fired with the reduced diameters, the 
projectiles in all eases appeared to be perfectly steady in flight. 
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Table 12. — Abstracts of experiments made to determine the effect on the initial 
velocity of diminishing the lead on the I2~pr, Armstrong projectiles. 


Armstrong 

No. of 

Charge. 

Projectile. 

Velocity 

at 

30 yards. 

Initial 

Bemarks, 

12-pr. 

roniids. 

Weight. 

Biam. 

velocity. 



Lb. oz. 

Lbs. oz. 





No. 1050 

4 

1 8 

11 9 

3-074 

1238-3 

1248-2 

Shell fired under nor- 
mal circumstances. 

99 

2 

1 8 

11 9 

3-010 

1200-2 

1209 -i 

Same shell reduced 
to the diameter of 
3*01, with the ex- 
ception of a ring at 
the base *25 inches 
broad. 

91 

2 

1 8 

11 9 

3-010 

1163-7 

1172-8 

Same shell reduced 
throughout. 


29. The experiments with the Armstrong 12-pr. having been 
chiefly carried on with the same gun, the initial velocities obtained 
under similar circumstances become a measure of the variability, in 
strength, of the service gunpowder, and it is somewhat surprising to 
find so great a variation in powder recently made and professedly of 
the same make. For illustration of this remark, I might point to 
the differences in initial velocity exhibited in Plate II, Figs. 1 and 2. 
In this case, it is true, the results were obtained from different guns ; 
but under similar circumstances, these guns were found to give 
nearly identical velocities. Another even stronger case, however, may 
be taken from the velocities given on different occasions by the gun 
numbered 1050. Thus, on the 12th March 1861, with a service charge 
of powder marked (A. 4, W. A,, 5/9/60, lot 288), the initial velocity was 
found to be 1114*8 feet, while under precisely the same circum- 
stances, on the 15th March 1861, with powder marked (A. 4, Hall 
and Sons, 11/7/60, lot 2), the initial velocity was 1248*2 feet per 
second. I may observe that with the Armstrong 12-pr., when the 
same powder is used, the variation in initial velocity is very slight, 
the extreme difference in ten rounds rarely exceeding 20 feet. 

30. On actual service it is obvious that the strength of the 
powder may be expected to vary considerably more than is here 
indicated; and I venture to draw the attention of the Select Oom- 
mittee to this point, as one seriously affecting the precision of 
rifled, or indeed of any guns, and as a ease in which the electro- 
ballistic apparatus might be most advantageously employed. 

31. My attention during these experiments was early drawn to 
the ranges obtained at P. B., and at small angles of elevation, with 
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the 12»pr, Armstrong. These ranges considerably exceeded those.^of 

■ the ■ smootli-’bored field-service guns, although, of conn se, tlio .initial 

■ velocity in these latter is vei'y much higher. I there for(3 took the 
usual steps for ascertaining the ''angle of departure, and, as much 
additional trouble was not entailed, I also made arraiigcHieiits lor 
ascertaining the ordinates at various points of the trtijecitory. It 
will be seen by these observations that the angle of projection of a 
projectile fired from a 12-pr. gun, accurately laid with its bore 
horizontal, varied ffom 0°23'30'' to 0°28'28^ the mean angle of 
projection being 25'33"; while in the same gun fired with an eleva- 
tion of 30; the angle of projection varied from to 49'6'Vthe 
mean angle being 48'18" 

In Plates III, IV., and V., p. 32, 1 have laid down, for the infor- 
mation of the Committee, the mean results of this practices, the 
observed trajectories being denoted by black, the coiuputcd by rod, 
and for the sake of comparison I have also shown, in blue linos, 
the departure of both curves from the parabolic. 

The annexed abstract, Table 13, will show how close is the 
agreement between the computed and observed ordinates in the 
curves delineated; while a similar comparison for the majority of 
the curves observed is made in the detailed report of the practice 
furnished to the Committee. 


Table 13. — Abstract of the results of the experiments made to ascerfam the miffle 
of projection and the trajectories of the 12-pr, Armstrom/ prqjeetUes when 
fired P.B., and at an apparent elecation of 30'. 


A 







Ordinates at 




Elevatio 

given. 

ft 

o ^ 
o 

[nitial 

elocitj 

00 feet. 

150 feet. 

300 feel,. 

•ioo 




Oks. 

Com. 

Obs. 

Com. 

( )b.s. 

Com. 

Obs. 


0 0 

O f tt 

0 25 44 

P. s. 
1188-1 

P. s. 
1197-5 

4*832 

4*832 

5*083 

5-097 

5 * U ]4 

5*459 

5*2 

5*255 

0 0 

: 0 25 55 

1170-7 

1179-8 

4*834 

4*832 

5*085 

5*118 

5-17-2 

5*443 

5*202 

5*207 

0 30 

0 48 35 

1179-6 

1188 '9 

5*431 

5*441 



7-4-21 

7-44 

8*359 

8*329 


Ordinates Q.i—-Corjtimed. 


600 feet. 

750 feet. 

900 feet. 

1050 feet. 

1200 feet. 

iMOi'i feet.. 

Obs. 

Com, 

Obs. 

Com. 

Obs. 

Com. 

Obs. 

Com. 

Obs. 

Com. 

Obs. 

(tom. 

4-527 

4*483 

3-417 

3*133 

•869 

1-003 





' 


4*425 

4*359 

2-75 

2-97 









8*465 

8*414 

8-133 

8-026 

7-6b 

r-ose 

■ ... . 

,6*428 


3*033 

0*45 

' 0*01 
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32. The ordinates in Table 13 were calculated on the hypothesis 
that the resistance of the air was given by the equation 

resistance = •00052137rRV-^/l 4. .1 

634-31 1 + 1426-4/ 

The accordance of the ordinates calculated on this hypothesis are/ 
on the whole, exceedingly close ; but it would be unwise to place too 
much dependence on the results of experiments so partial, and 
carried on at such low angles. 

33. The following table gives an abstract, of the results of 
several miscellaneous experiments : — 


Table 14. 


Nature of 
gun. 

Charge. 

Projectile 

Velocity 

at 

30 yards. 

Initial 

velocity. 

Bemarks. 

Nature. 

Weight. 

Diam. 

9-pr. , brass! 
13 1 cwt. J 

12-pr., ] 

8icwt., >- 
Armstrong J 

12-pr., ' 

6 cwt. , 
Armstrong , 

12-pr., ) 
8 cwt. , t 
Armstrong | 
No. 8 j 

12-pr., I 

8-1 cwt. , 1 

Armstrong f 
No. 224 j 

Lb. oz. 

0 14 

1 8 

1 2 

1 6 

1 8 

1 8 

Shot 

jj 

S. shell 

9» 

Lbs. oz. 
9 5 

9 5 

9 0 

11 9 

11 9 

11 9 

i 

4*080 

4*080 

3*074 

3*074 

3*084 

3*084 

1011*2 

1310*9 

1130*0 

1103*4 

1127*6 

1141*8 

1141*2 

1111*8 

1136*3 

1150*6 

j-At 25 yards. 

''Experiments to 
ascertain the 
initial velocity 
"i of a 9-pr. shell 
with a charge 
( of 1 lb. 2 oz. 
^Experiments to 
ascertain the 
initial veloci- 
ties of 12-pr. 
shells fired 
from a 12-pr. 

^ gun of 6 cwt, 
^Experiments to 
ascertain the 
difference in 
initial velocity 
and regularity 
of two 12-prs., 
the first of 
which had been 
exposed to the 
weather for 
, several weeks. 

Experiments to ascertain the initial velocity of the old pattern (25 lbs,) 



projectiles fired from 20-^r. g%ns. 



Lbs. oz. 


Lbs. oz. 





•V 

Long25-pr. 

2 8 

S. shell 

25 0 

3*830 

963*8 

968*8 

/Without Inbri- 
\ eating wads. 

Armstrong 

2 8 


25 0 

3*830 

1014*4 

1019*8 

1 

R. G. H. 

2 13 


25 0 

3-830 

1083*3 

1089*3 


No. 384 

3 2 

>5 

25 0 

3*830 

1136*1 

1142*5 

Lubricating wads 

Short 25-pr. 







used. . 

Armstrong 

2 6 

S9 

25 0 

3*830 

874-5 

878-9 


No. 403 J 







J 
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OIT THE.EATIO BETWEEN THE FORCES TENDING TO 
PEODUCE TRANSLATION AND ROTATION IN THE 
BORES OF RIFLED GUNS. 

{Philosophical Magcmne, Septemher 1863.) 

The inagiii tilde which the rifled ordnance of the present da»y liavc^ 
attained, and the large charges which are consumed in their l»oroH, 
render it an object of great interest that we should bo able to assign 
the pressures on the grooves (or other driving-surfaces intended to 
give rotation) due to different modes of rifling, as well as to detcuinino 
the increment in the gaseous pressure arising from tho nature of 
rifling adopted. 

The formulge which I shall hereafter give, have, with slight 
modifications, been used at Elswick for nearly three years, and avo 
now given, partly because no investigation of 
the question has, to my knowledgo, 1 >00:11 
published, and partly because, as sevto'al 
erroneous statements on the Bubject have 
appeared, the forinulio themselves may pos- 
sibly be of use to some artillerists. 

The case we shall first exai:iiii:ie will be 
that in which the rotation is given by means 
of grooves, the driving-surfaces of which are 
such that if a section of the gun, pcnpieii-- 
dicular to the axis, be made, the lino di'awu 
from the centre of the bore to the groove is coincidont with i.lu*. 
section of the driving-surface. A section of such a form of rifling 
is shown in Fig, 1. The reader is supposed to be looking tho 
muzzle towards the breech of the gun, and the dlrecti^m of rotati(>u 
is shown by the arrow AB. 

42 ^ 


Fig. 1. 
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It will be seen that the radius CD is coincident Vifeli the section 
of the driving-surface DP. 

In entering upon this investigation, it will be more convenient to 
consider the projectile in its motion along the boi'e of the gun as 
moving on a fixed axis, and, further, to suppose that the motion of 
rotation is commxinicated to the projectile by a single groove. These 
suppositions will not interfere with the accuracy of our results, and 
will enable us very much to simplify the equations of motion. 

Take (Fig. 2) as the plane of the plane passing through the 
commencement of the rifling at right angles to the axis of the gun. 
Let the axis of x pass through the groove under consideration, and 
let the axis of z be that of the gun. Let 
AP be the helix, and let (see Figs. 1 and 2) 

P {xy%) be the point at which the resultant 
of all the pressures on the groove may be 
assumed to act, the projectile being in a 
given position. Let the angle AON = 

Let us now consider the forces which 
act upon the projectile. We have, first, 
the gaseous pressure acting on the base 
of the shot. Let us call this force, the 
resultant of which acts along the axis of 
G. Secondly, if E be the pressure 
between tlie projectile and the groove at 
the point P, this pressure will be exerted 
normally to the surface of the groove, and 
if we denote by X, v the angles which the 
normal makes with the co-ordinate axes, the resolved parts of this 
force will be 

E . cos X, E . cos /X, E . cos 1 / 

Thirdly, if /x^ be the coefficient of friction between the rib of 
the projectile and the driving-surface, the force will tend to 
retard the motion of the projectile. This force will act along the 
tangent to the helix which the point P describes; and if a, /3, y 
be the angles which the tangent makes with the co-ordinate axes, 
we have as the resolved portions of this force /xiE.cosa, /xiE.eosjS, 
/xiE.cos y; and simiining np these forces, we have the forces which 
act 

parallel to a* = X = II { cos X - /x^ cos a } 1 

parallel to tj === Y = R{cos/x- /x^ cos^ } > . . (1) 

parallel to bs = Z: = G + R{ cosv--/Xi cosy } J 


Fig. 2. 



f 


44 TRANSLATION AND ROTATION IN THE 

and the equations of motion will be 

M = G 4 *R. { cosy } • • ‘ (^) 

Y.T^X;y ^ ; ; (3) 

df^ "" Mp^ 


/> being the radius of gyration. 

We proceed to determine the value of the angles a, /3, y, X, 
p. Let the equati^s to the helix described by the point P be 
put under the form 

a? = r. cos <^, ^ = r sm<f>, z = kr4> . . . (4) 

7c being the tangent of the angle at which the helix is inclined to 
the plane of xy. Then 


d,v = - r sin <l>d<j^, di/ = r cos dz — 7ml<l> 


and 


ds 


cos^ 


cosy 


rsjl + F . d<f> 

- sin (j) 


dec 

ds 

dy 

ds 

ds 

ds 


Jl+k^ 

cos <f> 
x/l+F 
k 


x/i+Fj 


. ( 5 ) 


To determine the values of X, jul, p, we shall first seek the 
equation to the driving-surface of the groove. In the case umle.r 
consideration, the surface is a well-known coiioidal one, tlie 'Lskunv 
helicoid,'’ and is familiar to the eye as the under siirfaco of a 
spiral staircase. It is generated by a straight line whicli 4 )ass(^s 
through the axis of s, always remains perpendicular to it, and 
meets the helix described by the point P. The equations to the 
director being given in (4), if be the current co-ordinates 

of the generator, its equations are 


Hence 




(6) 


.T = r.coS'^, y = r sin 


/^r 


and the equation to the surface is 
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or, dropping the suffixes, 


y . cos . sin- 7 ~ = 0 

kr hr 


m 


■ in 


Now X, ^ being the angles which the normal to (7) makes with 
the' axes, 


A — - 

/dF' 


{(Sj) + ( 

'dF\ 

J&J 

/dF'' 

\dy, 


- r/rfFV / 

ife) + ( 

dF\ 

/dF' 

\dz. 

■*■ \dz) / 

' 

- r/fjIFV ( 

Now 

(dY\ . 

\lv) ^^^kr' 

/dF\ If X 

\d^) “ “ TIT 

dFY 

KdsJ ) > 

/dF\ 3 

\^) “ 

^ y 

cos 1 — h . sin 

kr r 


(B) 


blit since in the case we are now considering (xyz) is a point 
both in the surface given by Equation (7) and in the directing 
helix, we have from (4), 


X ?/ 2 

— = cos <b = cos -r~9 — = sin <i> = sin -7- 

r kr r kr 


and 


Hence 


©=-i 

m- (?)■- (S)T4- VT 

k sin 




cos A = 


cos /X 


Vl 4-/12 
k . cos 


sJUrk^ 

1 


Vl4-/fc2j 


(9) 
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Now substituting the values of the direction cosines given in 
Equations (5) and (9), in (1), (2), and (3), we have as the equa- 

fcions of motion, ■ 

Rr k-jx 


and hence the normal pressure on the rib of the projectile, 

f 

f /^ - /tj dV^ 

But if <0 be the angular velocity of the projectile, and h be the 
pitch of the rifling, we have the following relation between the 
velocities of translation and rotation. 



d<f> 

2Tr 




T ^ 


Hence 






. Stt 

dh 


df 

"" T ' 


aiid 





_ 27? d^s 

r k — fjL-^ h 


[Now, substituting in this equation the value of derived from (1.0), 


we have 



^’|g 

AT — I 


R 

v/f+P 


(/q/c + 1) 


I 

J 


or 

R 2irp^s/T+¥ 

G kr(k — + 2'7rp‘\fij^lc + 1) 


And this equation gives the ratio between the pressures produc- 
ing translation and rotation. 

We now proceed to determine the increment of the gasooiis 
pressure due to the resistance, eta, offered by the rifling to the 
forward motion of the shot. We shall imagine a smoothdunv.d 
gun to fire a shot of the same weight as that of the rifled gmi. 
We shall further suppose that the two projectihis are drdiverc^d 
with the same velocity; and we wish to know, the sasoo ballistif* 
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effect being produced by the two guns, what is the increased 
pressure which the rifled gun has had to sustain. Now the equa- 
tion of motion in the case of the smooth-bored gun is 


“'-S - « 


and in the case of the rifled gun. 




• (14) 


• ( 15 ) 


Now, if the velocity-increments in the two cases be taken as 
equal, we shall have, from Equations (14) and (15), 


And the second term of the right-hand member of Equation (16) 
represents the increment of pressure due to the rifling. 

Let us now examine the pressures which subsist when a polygonal 
form of rifling is adopted; and we 
shall suppose the polygon to have % 
sides. 

The equations of motion given in 
Equations (2) and (3) hold here as in 
the last case/ and the values of a, /3, y 
given in (5) remain the same. The 
driving-surface is, however, different, 
being traced out by a straight line 
which always remains parallel to the 
plane of xy, meets the helix described 
by P, and touches the cylinder whose 

radius is = r cos — (see Fig. 3, where PA represents the generating 

line drawn from a point P of the helix to touch the cylinder BG). 
Now the equations to the helix being 

x = rco^cj>, y — 7'sirL(j>y z~kT(^ . . . ( 1 '"/) 

while that to the cylinder is 

= {r . cos = 7'^ . . . (18) 

suppose, if we draw from the point P (xyz) of the helix a tangent in the 


Fig. 3. 


JC 
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plane to (18), the co-ordinates of the point of contact (see 

Fig. 3) will be 

Xi = ri.cos(<^- 


yi = r^.shxi^ - —'j 


■ (19) 


Now the equation to the tangent drawn through the point 
of the circle is 

= .... ( 20 ) 

And substituting m this equation the values of % and derived 
from (19), we obtain as the equations of the generator. 


. COS f <j> 


+Fi*sin(</> - — 


and as the equation to the driving-surface, 


f 2 


kr<f> 


PC . cos 


^ TV 

kr n 


Kow 


■) + - 1; ) 


r cos ' 


( 21 ) 

( 22 ) 


/dF\ /V 7r\ /dF\ / B ir\ 

\dx J \kr n / \dy ) \/rr n ) 

/dF\ I (y X . fz irX'^ 

\dl) "■ T \ V * \kT n ) T * VF 7r)} 


or, since P {xyz) is a point at once in the helix and the skew 
surface, 

/dF\ 1 . 

? / k n 


/iFN 
\dz / 


Also 


VZF\2 /dF' 


dec J \d^ 


And substituting those values of 
direction cosines at the point P, 

k , cos 

cos A = - 


F \2 /^F\2a 1 r -y-- - y 

(^), etc., in (8), we have for the 


n 


cos jX 


cos V 


F + 

(-0 

k , sill ^ 


kr n ) 

F + 

7 . TT \2 
( sm — ) 

\ n J 

TT 

Sin — 
n 


( 23 ) 


B 4- l^sin ~ 
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And putting the values of a, X, y, n, v m. the equations of 
motion (2) and (3), we have 


M.g.G-R 


/iji 




d^4> Rr 
dt^ " Mp2’ 


Hence 


But 


f 

'kcos(~ - -) 
\kn n / 



yF + (sin^y 

Vi+F 


vsm 


kr 


n/1+F 


Rr 


+ 




^/,‘2 + (sin^y 


Vcos ~- 
kr 


R = 


r j . TT 

k . sin — 


n 


yA3 + (sin^y 

Vi +F 

J 

M.p2 


{ 1 ' ^ 
k . sin — 

\ 

n 


yp+(sin^y 

Vl+Zc^ 


d'^<l> 

W 


dt^ “ /^ ’ dt^ 
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and making the necessary substitutions, we obtain for the ratio 
between the forces producing rotation and translation. 


R 

G 



In precisely the same manner as in the former ease, and on the 
same hypotheses, we may show that if G" denote the gaseous 
pressure in a bore rifled on the system we are now considering, and 
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G - denote gaseous pressure, lin ^a ' similar smootli-bored gun/ we 
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Hence if we have three guns of the same diameter of bore, viz., 
a smooth-bore gun ; a rifled gun, the grooves of which are similar to 
those shown in Eig. ; and a third, rifled polygonally ; and if we sup- 
pose that the shot in each case are of the same weight, and, further, 
that in each case the velocity-increments at the moment under con- 
sideration are equal, then the pressures upon the base of the shot 
will be as follow : — In the case of the 


Smooth-bored gun, pressure = G 

li 

First rifled gun, pressure = G + + 1) 

Polygonally-rifled gun, pressure 



(28) 


We shall now give examples of the cases we have been discussing 
to exhibit numerically the above results. 

Let us suppose that two 7-inch guns are rifled — ^the first accord- 
ing to the method shown in Fig. 1, with a pitch of one turn in 294 
inches, the other octagonally, with a pitch of one turn in 130 inches. 
It is required to determine in each case the pressure on the driving- 
surface in terms of the pressure on the base of the shot. Now, in 
the first case, from (13), 

Pressure on driving-surface = Vl -t-A- 

Ar(*-/Xj) + 27rp“(/XjA-+l) 

where , 


5r = 3-14:159, p = r Jl = 2-475, l-=13-3697, /i = 294, 7-=3-5, 
whence we obtain 

R = -0375 0 . . . . 

In the second case, from (26), , 

Pressure 


/q = -1666 


• (29) 
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where 


P 

k=5-9U7, /i=130, r=3-5, 91 = 8, /i^ = -1666, — = 22° 30" 

n 

whence R=*1706G ... . (30) 

That is, on the supposition of the same pressure on the base of the 
shot, the pressure on the driving-surface is in the latter cash nearly 
five times as great as in the former, and is, in fact, no inconsiderable 
fraction of the propelling force. 

Let us now compare the gaseous pressures on the base of shot of 
the same weight supposed to be fired from the guns above described, 
and from a smooth-bored gun. From Equations (28) we have the 
pressure upon base of shot fired from 

Smooth-bored gun . . . = G 

First rifled gun . . . . = 1*009 G 

Polygonal gun . . . . = 1*041 G 

In these calculations we have taken the coefficient of friction ==|. 
It is necessary, however, to observe that very little is known concern- 
ing the value of this constant at pressures so high as those with which 
we have here to do. It is evident that in the case of the contact of 
similar metals, when the point of seizure is approached, the coefficient 
of friction cannot be considered independent of pressure; and it is 
probable that when the rubbing surfaces . of both projectile and groove 
(or other driving-surface) are of the same hard material, the coefficient 
of friction may be occasionally enormously increased. 

The resistance due to this cause might under certain circumstances 
be sufficient to ensure the destruction of the gun ; and this view is to 
some extent corroborated by the occasional bursting of guns, the 
failure of which it is difficult to attribute to any other cause; and in 
the instances referred to, the recovered fragments of the shot were 
thought to exhibit decided appearances of seizure. 
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If in Equation (26) we substitute S for we shall have 
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27r/o2 
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( 31 ) 
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And this equation will represent the ratio of the pressures R and 
G in any system of rifling, S being the angle which the radius naakes 
with the normal to the driving-surface. Thus in an elliptically- 
bored gun (see Fig. d) the angle OFQ represents the angle <5, and we 

■p 

obtain ^ by substituting in (31) the value of 

ix 

this angle; by putting <5=90°, we may derive 
Equation (13) directly from (31). 

We have not in this note entered into the 
question of the absolute pressures existing in 
the bores of ordnance of various natures, as 
the subject is too extensive and of too great im- 
portance to be disposed of within the limits of 
a short paper. 

Artillerists acquainted with the subject will 
be able to form rough approximations to those 
pressures from the experiments made abroad 
with smooth-bored guns, with a view to the 
elucidation of this important question. It is much to be regretted 
that no experiments of the nature referred to have been attempted 
in England under Government auspices, as they are of a descrip- 
tion which precludes their being satisfactorily made by private 
individuals, and as the information to be derived from them would 
be especially important in the case of rifled cannon, where so 
many new conditions are introduced into the problem as to render 
previous investigations of but little value. 

We shall, however, in a future note endeavour to discuss this 
subject, making use of the data at our disposal. 






IV. 

t 

ON THE TENSION OE EIEED GUNPOWBEE. 

{Transactions of the Royal Institution, 1871.) 

Befobi entering on the investigations which will be the chief subject 
I of my discourse this evening, I find it necessary to give a sketch of 

the means that have hitherto been adopted to determine, and the 
j views that have been entertained concerning, the pressure of fired 

I gunpowder. 

The first attempt made to explain the action of gunpowder was, 
I believe, that of M. de la Hire, who, in the History of the French 
I Academy for 1702, ascribed the force of fired gunpowder to the 

I behaviour of the air enclosed in and between the grains of powder. 

This air he considered to be highly heated by the combustion of the 
charge, and the consequent elasticity to be the moving force of the 
I projectile. Eobins, who followed M. de la Hire as the next writer 

I on the subject, and who may be considered to have laid the founda- 

I tion of this, as of so many other departments of artillery science, 

points out how inadequate to the effect are the forces supposed to 
act by M. de la Hire. 

He himself instituted a carefully-planned and well-conducted 
i series of experiments, in which he determined the quantity of 

permanent gas generated by the explosion of gunpowder; adduced 
t experiments which he considered to prove that this quantity is the 

same whether the powder be exploded in the air or in vacuo; and 
finally determined the increase of elasticity due to the supposed 
temperature of the explosion. 

The conclusions at which Eobins arrived were briefly as follow : 
— 1. That the whole action of the powder on the projectile was due 
to the permanent gases generated by the explosion. 2. That at 
ordinary temperature and atmospheric pressure the permanent gases 
occupied about 240 times the volume of the unexploded powder. 
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3. That the heat of comhustion increased this volume to about 1000 
times that of the powder, and that hence the maximum force of 
gunpowder— somewhat less with small, somewhat greater with large 
charges— was about 1000 atmospheres, that is to say, about 6 1 tons 
on the square inch. 

But although Eobins considered this pressure the maximum 
exerted by fired gunpowder, it is worthy of remark that he rocognisod 


Fi&. 1. 



the intensity of the local pressure which arises when the gases 
generated have space sufficient to acquire a considerable velocity 
before meeting with an obstacle. In a common musket he placed a 
bullet 16 inches from the charge, and found that at the seat of the 
shot the barrel was bulged like a bladder to twice its original dia- 
meter, while two pieces were blown out of it. 

But the first regular experiments which had for object the 
determination of the pressure of gunpowder fired in a close vessel or 
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cbamber were those of Count Rumford, made in 1793, and published 
miih.Q Transactions of the Royal Society for 1797. 

The apparatus used by Count Eumf or d is figured in this diagram 
(Fig. 1), and will be readily understood. V is a small but strong 
wrought-iron vessel resting on the pedestal P, and having a bore of 
J-inch diameter. The bore is closed by the hemisphere E, upon 
which any requisite weight may be placed. There is a closed vent, 
which is filled with powder, and the charge is fired by means of a 
red-hot ball, B. 

The modus ojpemndi was as follows : — A given charge being placed 
in the bore, a weight which was considered equivalent to the gaseous 
pressure was applied on E. If the charge of powder lifted the weight 
and let the gases escape, the weight was increased until it was just 
sufficient to confine it, and the pressure represented by the weight 
was assumed to be that of the powder. 

The powder used was sjDorting, of very fine grain, and it is to be 
remarked that its composition, there being only 67 per cent, of 
saltpetre, differed notably from ordinary powder. The charges used, 
moreover, were very small, the maximum being only 18 grains. In 
one case, indeed, the vessel was filled : about 28 grains were necessary 
to fill the chamber ; but by this experiment the vessel was destroyed. 
The objects Rumford had in view were — first, to ascertain the limit 
of the force exerted by the exploded powder when the gases are at 
their maximum density ; secondly, to determine the relation between 
the density of the gases and the tension. 

The curve shown here (Fig. 2) exhibits the results of the first 
and most reliable series of Eumford's experiments, and you will 
observe how nearly, up to charges of 15 grains (60 per cent), the 
curve, which is expressible by the empirical equation y 
passes through the observed points. Were this law assumed to be 
true up to the point of maximum density,"^ it would give the 
maximum tension at about 29,000 atmospheres, or 191 tons on the 
square inch. But, great as this pressure is, Count Rumford considers 
it much below the truth. In addition to the experiments graphically 
represented by the diagram to which I have drawn your attention, 
Count Rumford made a second series, the results of which, to use his 
own words, ^‘are still more various, extraordinary, and inexplicable.’’ 
From this diagram you will observe that the tension of the gas in 
the first series of experiments was with 12 grains of powder about 
2700 atmospheres; but in this second series the pressure with the 

♦ Considered as unity. 
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same charge is repeatedly found to be above 9000 atmospherea 
Count Eumford does not attempt to explain the enormous discrep- 
ancy between the two sets of experiments, unless a remark on the 
heat of the weather during the second set can be so considered ; but, 
relying on this second series, and on the experiment in_ which the 
vessel was destroyed by 28 grains, Count Eumford arrives at the 
conclusion that 101,021 atmospheres, or 662 tons on the square inch, 
is the measure of the initial force of the elastic fluid generated by the 
combustion of gunpowder. Eumford meets the objection that, if the 


Fig, 2. 



tension were anything like that he names, no gun would have a 
chance of standing, by assuming that the combustion of the powder 
is much slower than is ordinarily supposed, and, indeed, lasts all the 
time the shot is in the bore ; and he further accounts for the enormous 
initial tension by ascribing it to the elasticity of the aqueous vapour or 
steam contained in the powder. Supposing, from M. de Betancourt’s 
experiments, that the elasticity of steam is doubled by every addition 
of temperature equal to 30“ Fahr., his only difficulty, and one 
which he leaves to his successors to explain, is why the steam 
liberated by the combustion of the powder does not exercise a much 
higher pressure than the 100,000 atmospheres he has assigned to it. 
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^ In 1843 Colonel Cavalli proposed to insert in the bore of a' gun a 
series of small barrels, intended to throw a wrought-iron spherical 
ball. By ascertaining the velocities of these balls Colonel Cavalli 
considered that he would be able to assign the corresponding pres- 
sures. Colonel Cavallfs plan was actually carried out, and from his 
experiments he deduced what ought to be the theoretical thickness of 
the metal at various points along the bore. But a very great 
improvement on Colonel Cavallfs method was introduced in 1854 by 
a Prussian Artillery Committee, under the direction of General (then 
Major) Neumann. 

The plan adopted by the Prussian Committee was as follows :— 

In, say, the centre, or any other point desired, of the powder 
chamber, a hole was drilled, and in this hole was fitted a small gun- 
barrel with a calibre of about -fV of an inch and a length of, say, 8 
inches. Now, suppose the gun to be loaded, and suppose further 
that in the small side gun we place a cylinder whose longitudinal 
section is the same as that of the projectile. On the assumption 
that the pressure throughout the powder chamber is uniform, the 
cylinder and the projectile will in equal times describe equal spaces, 
and after the cylinder has travelled 8 inches it will be withdrawn 
from the action of the gas. If, then, we ascertain the velocity of the 
cylinder, we shall know that of the projectile when it has described 
in the bore a space of 8 inches. Again, if we make the section of 
the cylinder half that of the projectile, it will describe in the same 
time double the space, and will have acquired double the velocity, 
and so on; so that, for example, if the section of the cylinder be 
one-eighth that of the projectile, and we ascertain the cylinder’s 
velocity, we know the velocity of the projectile after it has described 
1 inch. 

These Prussian experiments do not, however, despite the ingenuity 
of their method, possess a very high interest to us, as they were 
applied only to comparatively very small guns, the 6-pr. and 12-pr. 
smooth-bores, and had for their chief object the comparison between 
elongated and non-elongated cartridges. 

Further on I shall advert to reasons which prevent this method 
being altogether reliable, especially for large guns ; but I may state 
that the general result seems to have been that in the 6-pr. the 
maximum pressure was about 1100 atmospheres, while in the 12-pr. 
it was nearly 1300 atmospheres. 

I shall also further on advert to another remarkable observation 
made by the Prussian Committee — ^namely, that in every charge 
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wi til which they experinieiited two maxima of tension were distinctly 

perceptible. ' _ , , 

The distinguished Russian artillerist, General Mayevski, who has 
written an elaborate memoir on the pressure in tlie bores of giiiis, 

founded on these experiinents, con- 
firms the results at wMeli tlie 
Prussian Committee have, arrived, 
and points out that from the ex- 
periments the inaximum pressure 
must be attained before the bullet 
is any considerable distance from 
its initial position. 

General NeumaniTs method ap- 
pears to liave been repeated in 
Belgium about tlie year 1,860 with, 
a 70“pr. rifled gum I Iiave not 
seen a detailed report of tl:ieae' 
trials, but tlie maximum, |)ressiire 
with ordinary powder was stated 
to be about 3000 atmospheres, or 
nearly 20 tons per square iiicli. 

$ In 1857-8-9 Major Eodman car- 
ried on for tlie United States a 
most in teres ting and 6,x ten sive 
series of experiments on gunpowder. 

The celelii’ity to whi,cb M'ajor 
Rodman’s ingenious instrumo,ut lias 
■ attained, the great use whiclv lias 
been made of it in Europe, .and tlie 
fact that he appears to liave lieeii 
^ ^ the first person wlio experiment, <ul 

■ grain, and 

:v: ^ ' proposed prismatic powder, oblige 

, me to describe both his instrument 

, and his experiments in some detail. 

. It is most unfortunate that experiments so well devised, and 
carried out with so much care, should be rendered in many eases 
almost valueless by the absence of important data, by the admission 
of manifestly erroneous observations, and, finally, by results passed 
over in silence which are not only frequently aiiomalous, but in some 
cases absolutely impossible. ; 
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The mstriiment which Major Eodman devised is shown in this 
drawing (Fig. 3), Suppose we wish to determine the pressure in the 
chamber of a gun. A hole is drilled into it, and a cylinder with a 
small passage down its centre is inserted. To this cyluider is fitted 
the indicating apparatus, which consists of the indenting tool g, 
carrying a knife, shown in elevation and section. Against the knife 
is screwed a piece of soft copper, A. You will have no difficulty in 
understanding the action of this apparatus. The pressure of the gas 
acting on the base of the indenting tool causes a ^cut in the copper, 
and by mechanical means the magnitude of the force capable of pro- 
ducing a similar cut can be determined. A small cup at e prevents 
any gas passing the indenting tool, and the channel e provides for 
the escape of gas, should any pass on account of defective arrange- 
inents. 

Major Rodman’s first series of experiments of importance was the 
determination of the pressure at different points of a 42-pr. smooth- 
bored gun, two descriptions of cartridges being used — one being made 
up with 10 lbs. of ordinary grained powder, the other being what he 
terms an accelerating cartridge of 13 lbs., a description of which is 
not given. 

Major Eodman gives the mean results of this series in a tabulated 
form, but I have transferred his results to this diagram (Fig. 4), and 
I draw your especial attention to them. You will notice that among 
the observed points I have drawn in each case a curve representing, 
as nearly as may be, the observations. Remark how widely the two 
curves differ. The horizontal line, the axis of absciss®, represents 
the length of the bore, and by the length of the ordinates is indicated 
the maximum amount of pressure existing at any particular point of 
the bore. 

These curves illustrate also another point. Since the ordinates 
represent the pressures, and the absciss® the travel of the shot along 
the bore, the areas, that is to say, the spaces between the curves and 
the axis of absciss®, represent the total work done on the shot by 
each of the charges experimented with. Your eye will tell you that 
the area, that is the work done on the shot, is, in the case of the 
grained, nearly double its amount in that of the accelerating cart- 
ridge, but the actual work in each case was known to be nearly 
identical. 

There is here, therefore, a grave contradiction, which requires 
explanation. But we have not done yet. Knowing, as we do 
from these curves, the amount of the work done by each nature of 
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cartridge on the shot, we are in a position to compute the velocity 
with which the shot would quit the bore. 

Performing this calculation, we find that the lesser area repre- 
sents a muzzle velocity of about 1950 feet, while the larger one 
represents a muzzle velocity of about 2620 feet-results differing 
widely from the truth, and showing that the larger of the two areas 
is about three times greater than it should be, while even the smaller 
is at least 50 per cent, too high. 

Two interesting# series were fired from the same gun to doterniiiie 
the pressure on the bottom of the bore when the weight of the charge 


Fig. 4. 



was Yaried, that of the shot remaining constant, and when the weight 
of the shot was varied, the charge remaining constant. 

As far as the experiments were carried, the pressure in both 
cases appeared to be nearly directly proportional— in the one 
instance to the weight of the shot, in the other to the weight of the 
charge. 

Experiments were then made to determine the pressures in guns 
of T-inch, 9-inch, and 114nch bore, and were so arranged that in each 
gun an equal column of powder (that is, an equal weight of charge) was 
behind an equal column or weight of shot. It is hardly necessary to 
point out that in each gun, in the motion of the shot along the bore, 
at every point, the gases would be equally expanded, and any inere- 
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ment of pressure in the larger-bored guns would be attributable to 
the use of the larger charge. 

The mean result of these experiments is given in this diagram 
(Mg. 6). As before, there are many anomalies and contradictions in 
the experiments themselves. You will observe what a great increase 
of pressure is credited to the larger guns, although the same column 
of powder and shot exists in all eases. As before, again the work 
done on the shot as indicated by these areas is enormously too 
large. ^ 

The results given by these experiments are the more curious, 


Fig. 5. 



because, as Major Kodman himself points out, they are entirely at 
variance with some subsequent experiments, in which charges of 
powder of various weights, from 1700 to 11,000 grs., occupying 
always oiie*fourth of the space in which they were fired, and the 
charge escaping through the vent, gave pressures practically 
identical. 

The effect of the size of the grains was the next subject investi- 
gated. The comparative results (care still being taken not to accept 
these areas as representing the work done on the shot) are obvious 
from a glance at Fig. 6 ; and Major Eodman arrives at the conclusion 
that the velocities due to our present charges of small-grained powder 
may be obtained with a greatly diminished strain on the gun by the 
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use of powdor properly adaptfid in size of grain to the calibre and 
length of bore with which it is to be used. 

With this statement I entirely agree, and can only regret that, 
from the absence of information as to density and other paiticulais 
of the various samples of powder used, these particular experi- 
ments have been of no use to us in this country for comparative 
purposes. 

The only other experiments of Major Rodman to which I shall 
draw your attention belong to a series which I am able to compare 
with the experiments of Count Eumford, as to the pressure of fired 
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gunpowder in various degrees of expansion— that is, the unlii;i«l 
powder occupying a definite proportion of the space in which it is 
exploded. Fig. Y is a drawing of the apparatus Major Rodman used. 
You will observe that in this apparatus the fired charge escapes 
through the vent, while in Count Rumford’s experiments the products 
of explosion were generally more or less confined. 

On the other hand, Count Rumford’s charges were exceedingly 
minute, while the charges we are now considering ranged from YOO 
to YOOO grs. 

On the same diagram (Fig. 2) upon which I jdacod Count 
Eumford’s results I have placed ' Major Rodman’s. You will po-- 
ceive the difference between them. But Major Rodman’s expori- 
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inents have, not been .carried far enough . to . possess for ns much 
interest. 

Major Rodman, like Count Eumford, endeavonred to ascertain 
the maximum force which powder was capable of exerting when fired 
in its own Voliime. Major Rodman fired various charges in enor- 
mously strong shells, through a small vent ^ inch in diameter. He 
eohsidered, from some experiments with which I need not trouble 
you, that in all cases the maximum pressure would be exerted before 
the shell burst. His results, however, were vei^y diverse, varying 
from 32 tons per square 
inch (4900 atmospheres) to 
82 tons, or about 12,400 
atmospheres, and, singularly 
enough, the highest pressure 
was given by the smallest 
charge; ' from, the great 
discrepancies, as well as 
from other considerations, 

I do not think we can 
accept these determinations 
as entitled to much weight. 

Bunsen and Schisch- 
koff’s experiments, both 
from their completeness, 
and the eminent position of 
the distinguished chemists 
who conducted them, may 
justly rank among the most 
important which have been 
made on our subject. 

They were directed, in 
the first place, to determine the exact nature, both of the permanent 
gases and the solid products generated by the explosion of powder ; 
secondly, to determine the heat generated by the act of explosion : 
thirdly, to determine the maximum pressure which gunpowder fired 
in a close chamber would give rise to; and, finally, to determine the 
total quantity of work which a given weight of gunpow^der is capable 
of producing. 

The apparatus adopted for obtaining the products of com- 
bustion was so arranged that the powder to be analysed falls in 
a very finely-divided stream into a heated bulb, in which, and in 
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tubes connected with it, the resulting products are collected for 

oxammatioB. 

MM Bunsen and Schischkoff, in drawing attention to their 
results, and the extraordinary difference between their estimates and 
those given by so eminent an authority as Piobert, point out that 
many of the assumptions previously made must depend on very 
faulty premises; but their own experiments have not altogether 
escaped attack, and I think we are bound to receive some of their 
results with great g'eservation, until it can be demonstrated that the 
products of combustion are the same in the bore of a gun as when 
produced in the method followed in these experiments. 

I shall not detain you with the results of their analysis, which 
you see, however, in this table,* and shall only point out that the 
permanent gases at a temperature of 0° C. and pressure of 760 mm. 
occupied a volume 193 times greater than that occupied by the 
powder, and represented about the weight of the powder. The 
remainder was solid residue, and MM. Bunsen and Schischkoff 
conceive that, although a portion of these solid matters may un- 
doubtedly be volatilised by the high temperature of the explosion, 
yet any pressure which may be exerted by such vapours is qiute 
insignificant. This opinion appears to be founded on the fact that 
the solid residue arising from the explosion of gunpowder is not 
fused when exposed to the action of a jet of inflamed hydrogen. 

Piobert and other authorities, on the other hand, consider that 
the pressure exerted by the volatilised residue has far more influonce 
on the pressure than the permanent gases. 

* Transformation experienced by gunpowder in burning, after Bunsen and 
Schischkoff. 
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The temperature of the fired gunpowder was determined by 
exploding a small charge of powder enclosed in a tube, which was 
itself immersed in a larger tube containing water. From the 
increment of temperature communicated to the water by the 
explosion, it was found that one part of fired powder would raise 620 
parts of water by 1° Gent., and hence it was calculated that the 
temperature of gunpowder fired in a close chamber impervious to 
heat is 3340° Cent., or 5980° Fahr. 

Assuming, first, that the products obtained in the two methods 
I have just described are identical, and, secondly, that no variations 
in the products arise from the combustion of large charges, this 
result would be very near the truth. 

The pressure in a closed vessel is readily deducible from the 
above data, and MM, Bunsen and Schischkoff compute that the 
maximum tension which the gas can attain — to which it may 
approximate, but can never reach — is about 4374 atmospheres, or 
about 29 tons on the square inch. 

I shall shortly have occasion to show that this pressure has 
been undoubtedly reached in the case of heavy guns, and con- 
siderably exceeded in the case of powder fired in closed vessels. 
MM. Bunsen and Schischkoff also compute, from their data, the 
theoretical work of a kilog. of gunpowder at 67,400 kilo- 
grammetres, that is 67,400 kilogs. raised 1 metre in height. 
The Committee on explosives have, however, realised in the shot 
alone nearly 60,000 kilogrammetres per kilog. of powder in a 
comparatively short gun; and it may therefore be conjectured that 
this estimate, like that of the maximum pressure, is considerably too 
low, although undoubtedly much nearer the truth than the extrava- 
gant estimates which have frequently been made. 

In the year 1861-2 Sir W. Armstrong, in conjunction with myself, 
made several experiments to determine the maximum pressure of 
powder in the bores of what were then considered very large guns 
— the 110- and the 70-prs. Two methods were adopted, and although 
they, like nearly every experiment connected with gunpowder, gave 
results in some degree anomalous, yet the conclusion at which we 
arrived— namely, that the maximum pressure with the powder 
then used, in the bores of the guns I have mentioned, was about 
17 tons on the square inch — is probably not very far removed from 
the. truth. 

The first of these methods consisted of an arrangement carried 
in the nose or front part of the projectile, and is shown in these 
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drawings (Figs. 8 and 9). The apparatus itself consisted of a case 
containing seven little cells, 65. Each of these cells contained a 
small pellet, a, of the same weight, and each of these pellets is 
retained in the front portion of the cell by means of a small wire. 


Fis. 8. Fig. 9. 



itself. 


Fig. 10. 


Experiments were then carefully made to ascertain the exact joiss- 
sures that a graduated series of wires would carry. You will new 
readily understand this method of deducing the maximum prossuro. 
If we know the maximum pressure exerted during the passago of 
the shot through the bore to give motion to any known portion of tho 
shot’s weight, we can deduce the pressure acting on tho whole shot 
By properly adjusting the strength of tho wires, wo found that 

certain wii'os would give motion 
to the pellets witliout shear- 
ing; others would not. Hence 
we deduced an approximate 
maximum pressure. 

The other arrangement was 
also carried in the front of tho 
projectile, and is hero shown 
(Fig. 10). In this case a known 
weight w is supported, or rather 
has motion communicated to 
it, by means of a cylinder of 
soft metal c. The amount of 
crush on the cylinder serves as an indication of tho force to which 
it has been subjected. 

It is not possible in anything like a reasonable time to give an 
analysis of the voluminous investigations of Piobort on llic ipu-.stion 
of gunpowder. 
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Generally, however, his views seem to be that he ascribes 
much of the initial pressure of gunpowder to the effects of the 
vaporised solid products increasing enormously the tension due 
to the permanent gases. 

He points out errors in some of Rumford's conclusions, but 
accepts as tolerably accurate the pressures given by Eumford's first 
series, which would, at maximum density, give a tension of about 
29,000 atmospheres. 

I have now run over hastily, but I hopg intelligibly, the 
principal experiments which have been made and the views which 
have been entertained on the subject of the pressure of fired 
gunpowder. The enormous discrepancies between the 1000 atmo- 
spheres estimated by Eobins and the 100,000 atmospheres of Eumford 
will not have escaped you ; and even coming to quite recent dates, 
the difference of opinion between authorities like Piobert on the one 
hand, and Bunsen and Schischkoff on the other, are quite startling 
enough to show you the difficulties with which the subject is 
enveloped. What I now have to detail to you chiefly relates to 
the labours of a Committee, under the presidency of Colonel 
Younghusband, recently appointed to examine into our gunpowder, 
which has for some years enjoyed on the Continent the unenviable 
denomination of '' brutal powder.” 

The researches of this Committee having been devoted in the 
first place to a special object — the production of a powder suitable 
for the very large guns which are now required by the services — 
all the experiments hitherto made have been undertaken with this 
sole end in view. We have turned so far neither to the right 
hand nor the left, and in consequence our knowledge relating to 
many important points is very incomplete, in others altogether 
defective; hut, as far as my time permits, I shall lay a few of 
our facts before you as concisely as I can, and where I may 
venture to theorise I shall only give views which I believe to he 
shared in common with myself by the distinguished gentlemen with 
whom I have the honour of being associated. 

The guns we have principally used have been three in number— 
a gun of 2'1-inGh diameter, firing projectiles of 4| lbs., and charges of 
9 ozs. ; an S-inch gun, firing projectiles of 180 lbs., and charges of from 
20 to 40 lbs. ; and a 10-inch gun, firing projectiles of 400 lbs., and 
charges of from 60 to 70 lbs. of powder. 

The means we have used to determine the pressure have been 
likewise three — first, a Eodman gauge ; secondly, a crusher gauge, 
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d.6sigii6d to ovGrcoxQG cortsbiii f&iilts in tiio Rodni8.ii g8ug6, wliicli I 
sMl presently describe ; thirdly, a ehronoscope, designed for measur- 
ing very minute intervals of time. 

The Rodman gauge I have already fully described. The crusher 
gauge is shown in this drawing (Fig. 11), and consists of a screw plug 
of steel let into the gun at any desired point, which 
admits of a cylinder of copper, B, being placed in 
the chamber CDEF. 

^ The entrance to this chamber is closed by the 
movable piston 0, as in the case of the Rodman 
gauge, and the admission of gas is prevented by the 
use of a gas cheek. 

You will have no difficulty in understanding the 
manner in which results are arrived at with this in- 
strument. When the gun is fired, the gas acts upon 
the base of the piston and compresses the copper 
cylinder. The amount of crush on the copper 
serves as an index to the maximum force exerted 
at that part of the bore where the plug is placed. 

The ehronoscope used by the Committee is 
delineated in Plates VI. and VII,, p, 86. It consists 
of a series of thin discs, AA, each 36 inches in cir- 
cumference, fixed at intervals on a horizontal shaft, 
and driven at a high speed by the heavy descending weiglit E, 
which is, during the experiment, continually wound up by the 
handle H, and with a little practice the instrument can be made to 
travel either quite uniformly or at a rate very slowly incroasing 
or' decreasing. 

The precise rate of the discs is ascertained by means of the stop- 
clock * D, which can be connected or disconnected with the revolving 
shaft E at pleasure. 

The speed with which the circumferences of the discs travel is 
in this instrument generally about 1200 inches per second. An 
inch therefore represents the 1200th part of a second, and as 
by means of a vernier we are able to divide the inch into 1000 
parts, the instrument is capable of recording less than the one- 
milUonth part of a second. I may mention, by way of enabling you 
to realise the extreme minuteness of this portion of time, that the 
millionth part of a second is about the same fraction of a second that 
a second is of a fortnight. 

* An improved arrangement for registering the speed was after-wards introduced. 



ON THE TENSION' OF FIRED GUNPOWDER 


m 


I shall now endeavour to describe to you how the shot marks on 
the instrument the record of its passage through the bore. 

I need hardly remind most of you that when the primary of an 
induction coil is suddenly severed, a spark under proper management 
is given off from the secondary, and in the arrangement I am describ- 
ing, the severance of the primary is caused by the shot in its passage 
through the bore, and the record of its passage is transferred to the 
discs in the following way. 

The peripheries of the revolving discs are cohered with strips of 
white paper coated with lampblack, and are connected with one of 
the secondary wires of an induction coil. The other secondary wire, 
carefully insulated, is brought to one of these dischargers, Y, opposite 
to the edge of a disc, and fitted so as to be just clear of it. 

The mode of connecting the primary wires of the induction coils 
with the bore of a gun in such a manner that the shot in passing a 


Fig. 12. 



definite point shall sever the primary current, and thereby produce 
a spark from the secondary, is shown in Fig. 12 which represents a 
longitudinal section of the bore along which the shot is moving. 

A hollow plug, C (see Fig. 13, p. 70), is screwed into the gun, 
carrying at the end next the bore a cutter, D, which projects slightly 
into the bore. 

The cutter is held in this position by the primary wire, e, which 
passes in at one side of the plug, then through a hole in the cutter, 
and out at the other side of the plug. 

When the shot passes the cutter it presses it level with the 
surface of the bore, thereby severing the primary and causing the 
induced spark to pass instantaneously from the discharger to the disc, 
making a minute perforation in the paper-covering upon the opposite 
part of the disc, and at the same time burning away the lampblack, 
so that the position of the perforation is marked by a white spot. 
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To prevent confusion, there is delineated in Plate VI., p. 86, only a 
single induction coil and cell ; hut you will understand that there is 
an induction coil for each disc, and that each disc, discharger, and coil 
form, so to speak, an independent instrument for recording the 

instant when the projectile passes 
a certain point in the bore of the 
gun. 

It only remains to point out 
that before using the instrument, 
we must be satisfied that the 
various independent instruments 
of which I have spoken give 
corresponding results. 

The best mode which occurred 
to us of doing this is to get a record upon each disc of the same 
event. 

Thus it is obvious that if the whole of the primaries are cut 
simultaneously, the sparks on all the discs should be in a straight 
line, and the deviations from a straight line are the errors, either 
constant or variable, and from the observations the constant errors 
can, of course, be eliminated. 

Two methods of securing a simultaneous rupture of the primaries 
have been followed. One plan consisted in wrapping all the wires 
round a small magazine of fulminate of mercury, and exploding the 
fulminate. The other consisted in collecting the whole of the wires 
on a small screen close to the muzzle of a rifle, and cutting them by 
means of a flat-headed bullet. Both methods have given excellent 
results. 

Having now described the instruments, I turn to the guns. The 
arrangements in all the guns were similar in character, Wt I have 
given to you here (Pig. 12) a drawing of the 10-inch M. L. gun as repre- 
senting the most perfect arrangement used in the early experiments. 
We have, in the first place, the power of firing the cartridges in different 
positions. Hodman’s gauges, or the crusher gauges, are always placed 
in the holes marked ABC, and in such other holes as we may desire, 
while 8 holes every round are reserved for use with the chronoscope. 

Suppose, for example, we wished to experiment with a charge of 
70 lbs. of powder, our usual course would be: the ehronoscopo ])lugs 
woifid be placed alternately in the holes 4 to 11, and in 11 to 18, 
while the crusher gauges would be alternately in the holes ABC, 1, 

14, 17, and in the holes ABC, 1, 4, 10. 


Fig. 13. 
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The pressures derived from either the EodmaB or the crusher 
gauge are read off from tables at once, but the determination of the 
pressure from the time curve given by the chronoscope is a very 
different matter. 

I am aware that there are many authorities who consider it almost 
impossible to obtain from a time curve such as is given by the chrono- 
scope reliable indications of the pressure, and I cannot wonder that 
many should so think. 

We who have been investigating this subjeot, are quite alive to 
the fact that a cause of error far graver than any chronoscopic error 
lies in the difficulty, I might almost say impossibility, of assuring 
ourselves that the projectile in successive experiments should 
describe precisely the same space in passing between any two suc- 
cessive plugs ; but, fortunately, errors of this description can gener- 
ally be removed by known methods of interpolation and correction. 

Again, if we relied for the determination of our maximum pres- 
sure on the observation of two velocities only at very short intervals, 
as trifling errors in the determination of the velocity would give rise 
to considerable variations in pressure, our results would be open to 
considerable doubt, but the fact is that, with the assumptions we are 
at liberty to make, I have found that it is not posssible materially to 
alter our pressure without setting our records altogether at nought. 

The time curve — that is, the curve whose ordinate at any distance 
up the bore represents the time the shot has taken to arrive from 
zero at that spot — being drawn through the observed points, what 
may we assume respecting the curve representing the velocity? 
According to theory, we may assume that it commences by being 
convex to the axis of abseissse, then becomes concave — that the radius 
of curvature becomes greater and greater as m increases, and, were 
the bore long enough, would be finally asymptotic to a line parallel 
to the axis of x. 

Again, as regards the curve representing pressure. We know 
that the pressure will run up with extreme rapidity until it attains 
a maximum, and that after attaining a maximum the ordinates will 
rapidly decrease, the curve after passing the maximum being always 
convex to the axis of abscissse. 

These considerations. Joined to the observations themselves, are 
amply sufficient to give us the information required. At the com- 
mencement of motion the plugs are very close to one another (about 
2 inches apart), and the distances are gradually increased as they 
approach the muzzle ; but close as they are at the seat of the shot 
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they could advantageously be closer still— say, haU the distance— 
and they would have been so had we not been afraid to add more to 
the many holes we have bored in a gun destined to be so severely 
tested. 

In working out the results for the first 6 inches of motion, the 
times, velocities, and pressures are interpolated for every -^Vtlr of a 
foot; after that distance up to 3 feet, for every i^th of a foot; and 
for the remainder of the bore, for every 6 inches. 

Our experiments with the 2-inch gun do not call for much remark, 
save that in this calibre the differences between samples of the same 
class of powder of different manufacture were very strikingly shown, 
the maximum pressure of one sample of powder of professedly the 
same make being in some cases nearly double that of other samples. 

But when we commenced our experiments with the 8-inch gun wc 
were at once brought in contact with some very singular anomalioa. 
Our first experiments with this gun were made with the Eodman 
gauge and the chronoseope only, and our attention was directed 
chiefly to two points — the different action of various kinds of powder, 
and the effect on the same kinds of powder of lighting the cartridge 
in a different position. On firing 20-lb. charges of the service powder 
— technically known as E. L. G. — with the vent in the position in 
which it is generaEy used in service, that is, at a distance of /^ths 
the length of the battering charge from the bottom of the bore, not 
only did we find the Eodman gauges placed as I have described differ 
very materially in their results one from the other, but they all indi- 
cated a pressure very much higher than that shown by the chrono- 
scope, the maximum chronoseope pressure being 17 tons per square 
inch, while the maximum pressure of the Eodman gauges varied from 
28 tons to 33 tons on the square inch. 

We then fired a series with the same charge and powder, using 
instead of the service vent a vent Eghting the cartridge in the roar 
and here the results were still more anomalous. The chronoseope 
showed a maximum pressure differing but very slightly from the 
result when the service vent was used, while the Eodman gauge at 
the point 0 indicated a pressure of 50 tons. 

These discrepancies threw some doubt on the accuracy of the 
indications of the Eodman gauge, and we were led to ascribe this 
inaccuracy to two causes — first, to the position* of the gauge on the 

It must be remembered that this defect, due to position, has no existence in 
many of the experiments with the Rodman gauge made on the Continent, becau.se in 
the Continental experiments breach-loading guns have been generally used and the 
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outside of the gtin ; secondly, to what appeared to ns to be a slight 
defect in the design of the gauge. 

You will easily see our grounds for suspecting the effect which 
the position of the gauge might have if I recall to your recollection 
the experiment of Mr Robins, to which 1 alluded early this evening 
— ^namely, the enormous local pressure he found in a musket-barrel 
when he placed the bullet a considerable distance in front of the 
charge. In the Rodman gauge the indenting piston may be taken to 
represent Robin's bullet, and you will observe the distance the gas 
has to travel before it reaches the indenting tool. 

The slight defect I have mentioned in the design of the Rodman 
gauge I may thus explain. Suppose the indenting tool, instead of 
pressing against the copper as shown, was removed from it by any 
given space, the gun then fired, and the gas allowed to act, it is 
obvious that the indication given by the copper could not be relied 
on, because, in addition to the pressure, the indenting tool would 
express on the copper the vis viva due to the velocity it had acquired 
when moving freely. In the Rodman knife the resistance to the 
motion of the indenting tool commences at zero and rapidly in- 
creases; but it is possible to conceive that the velocity^ imparted 
to the tool when the resistance is but small may to some extent 
affect the amount of the indicated pressure. 

The crusher gauge which I have described, and which admits of 
being applied either close to the interior of the bore or at the exterior 
of the gun, was thenceforth generally substituted for the Rodman 
gauge ; and I may mention, as a proof of the correctness of our views, 
that in quick-burning powders this gauge, when applied at the out- 
side of the 8-inch gun, gave pressures about double of those it indicated 
when applied to the inside. 

The powders with which we have experimented may be divided 
into four classes — 1. The old quick-burning, violent powders, such 
as R. L. G. andL. G. ; 2. Pellet Powder; 3. Pebble Powder; and 4. 
Prismatic Powder. (See Fig. 14, p. 74.) 

Here is a sample of the service E. L. G, and I will only remark 

gauge has been applied to the wedge which closes the breach, and in this position 
would give satisfactory results ; on the other hand, the pressure would only he 
obtained at one point, and such a determination, our experiments show, is not to 
be relied on. 

* I was informed by General Gadolin, in Paris, that the results of the experi- 
ments made with the Rodman gauge in Russia were found to be uniform and satis- 
factory, only when prior to the experiments an indent was made in the copper a 
little less than that expected to be produced in the gun. This fact may be explained 
by the considerations referred to in the text. 
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that our old rule of proof for powder, that of the eprouvette mortar, 
seems, with our present lights, to be specially designed to produce in 
powder those qualities whose absence we most desire. Here are 
samples of pellet and pebble powders. You will notice that the 
former are regular cylinders formed in moulds, while the latter are 
tolerably regular lumps of powder cake, about the size of largo 
pebbles ; and, lastly, here is a sample of the prismatic powder which 
has attained so considerable a reputation on the Continent. 


» Fie. 14 . 

RUSSIAN PELLET 



Any one of the three last classes is very much superior to the 
first. There is, in fact, no great difference, except as regards process 
of manufacture, between the pellet and pebble. Both give, when 
properly made, good results, although there seems to be a greater 
probability of attaining uniform results with the pellet than the 
pebble; but the prismatic differs considerably from these in being a 
less dense powder, and possessing the property of lighting with 
extreme slowness, as you will see by comparing its velocity or time 
curves with those of either pebble or R. L. G. I might characterise, 
perhaps, E. L. G. as a quick-lighting and extremely quick-burning 
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powder ; pellet and pebble as quick-ligbting, slow-buriimg powders; 
and prismatic as slow-lighting and quick-burning powder. It is 
probable that the prismatic powder owes it extreme slowness of 
lighting to the deposition of a heavy coating of saltpetre, due to the 
moisture present in the process of manufacture. 

Although we find that almost inappreciable differences in the 
manufacture cause occasionally great differences of action when the 
powder is submitted to the test of firing, we are able to point to 
several causes which are of the greatest importance in modifying the 
behaviour of the powder in the gun. These points are — 1. Specific 
gravity ; 2 . Length of time during which the component charcoal 


Fig. 15 . 



has been burned; 3. Degree of moisture employed in manufacture ; 
4. Hardness ; 5. Size of grain. 

I have arranged on diagrams curves intended to illustrate the 
differences between three of the classes of powder I have been 
describing, and in each case I have selected an example which I 
believe to be as nearly as possible a type of the class. For the 
purpose of comparison, they are all taken from experiments with the 
10-inch gun. 

On this diagram, Fig. 15,^ are delineated the time curves, that is, 

* 111 this and the following figure the black dots denote the observed points. 
In each figure, however, to prevent confusion, the dots are omitted in the case of 
one curve. 
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the indications given by the chronoscope itself ; the abscisste 
represent the lengths of bore ; the ordinates, the total time the shot 
takes to reach those lengths from the commencement of motion. 
This curve represents E. L. G., this pebble, and this prismatic. Note 

I rl*l400 


Fig. 17. 

how much less is the time taken by the shot in the earlier parts of its 
motion in the case of R. L. G. and pebble than in that of prismatic. 

It may be interesting to mention that the total time taken by a 
projectQe, when fired with a battering charge, to reach the muzzle of 
a 10-inch gun is about the x^th part of a second. 
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The velocities at each point of the bore, deduced from these time 
curves, are here exhibited. Kgs. 16 and 17.* Observe how, in the 
pebble and prismatic powders, the velocity commences by being con- 
siderably lower than the E. L. G. velocity ; how they gradually reach 
it, pass it, and the projectile finally quits the gun, possessing a very 
considerably higher velocity. 

The curves towards the muzzle pass very nearly through the 
observed velocities. Near’ the origin of motion the curves pass 
above the observed points, as they necessarily yould do. 

These curves, again, Fig. 18, represent the pressures correspond- 


Fig. 18 . 



ing to those velocities, and their area is the measure of the work 
done by the respective powders on the shot. 

You will note that with both the prismatic and pebble powders, 
although the maximum pressure is considerably less than with the 
E. L. G-., this area is considerably more than the E. L. G, area. 
Hence follows the important fact — ^not only by the use of pebble 
powder, for example, is the gun much less strained than by the use 
of E. L. G., but we actually obtain from our gun, with the charges 

^ As, owing to the small scale of Fig. 16, giving the velocities throughout the 
bore, the differences in velocity near the commencement of motion are not readily 
perceptible, the same curves for the first 0*6 feet of motion have been laid down to 
a larger scale in Fig. 17. ■ , 
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we are enabled to use, nearly 20 per cent, more effect, the work done 
by the former powder being about 6700 foot tons, while by the latter 
it is only 4900 foot tons. 

The pressures indicated by these curves are obtained from the 
ehronoscope indications, and I now propose to examine what are the 
corresponding indications with the crusher gauge. They are as 
follow:— With the pebble, peUet, and prismatic powders, under 
ordinary circumstances, that is to say, with ordinary or battering 
charges of the service and with service vents, the pressure indicated 
by the crushers placed in the powder chamber in the positions 
marked A, B, 0, do not differ materially from one another, and any 
of them, or the mean of the whole of them, agree tolerably closely 
with the maximum pressure indicated by the ehronoscope. But 
when we come to E. L. G. or L. G. powders, a striking difforcnco 
manifests itself; not only do the pressures in E. L. G. differ very 
materially from the indications given by the ehronoscope, but they 
differ widely from one another. It is hardly necessary for me to 
point out to you that on the ordinary theory of the distribution of 
gas in the powder chamber in the first moments of motion, the 
density and consequent tension of gas should be least next the shot, 
and should gradually, but not very greatly, increase towards the 
bottom of the bore. This, however, was not at all so. Thus, for 
example, with one specimen of E. L. G., while the ehronoscope pres- 
sure was found to be 28'3 tons, the pressure indicated by the crushers 
at C was 28‘0 tons, at B was 31’3 tons, and at A was 47'9 tons. 
From other circumstances we were well aware that when similar 
charges and powder were fired with a rear centre vent, the destructive 
action on the gun was much reduced, but tuifortunately with the 
destructive action was reduced also the useful effect. On our 
making the experiment, however, we found the ehronoscope maxi- 
mum pressure 19 tons instead of 28 tons, while the crusher 
pressure indicated at B was 26 tons instead of 31 tons, and 
at C 39 tons instead of 28 tons. What then was the cause of 
these striking differences? I may point out that there is no 
manner of doubt as to the reality of the facts indicated by the 
crushers ; not only do they appear, round after round, with unfail- 
ing regularity, but we have tested the correctness of the results in 
every way our ingenuity could suggest. We are therefore, mel, in 
the case of the destructive powders with difficulties whioli do 
not exist in the case of slow-burning powders, and as we are com- 
pelled to admit that some of these pressures are entirely local, or 
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coBfined to certain portions of the gun, we give the following 
explanation. 

I need hardlj again recall to your memory the early experiment 
of Eohins, and the high local pressure he obtained by placing the 
musket-bullet at some distance from the charge. The explanation 
of this phenomenon doubtless is that the inflamed gas, vapours, or 
other products of explosion arising from the combustion of the 
powder attained a very high velocity before encountering the 
resistance of the bullet, and the reconversion of^ the vis vim into 
pressure accounts for the intense local pressure that Eobins 
observed. The local pressure we have observed can be similarly 
explained. The vis viva of the products of combustion of the 
first portion of the charge ignited is in like manner converted 
into pressure at the seat of the shot, and as we know that the 
rapidity of combustion of powder is enormously accelerated by 
the tension under which it is exploded, it is possible that this 
pressure may be increased by a violent disengagement of gas 
from the unconsuined powder at the seat of the shot. 

The crusher pressure indicated with the rear vent is, as we 
might expect from the increased run, considerably higher than 
when the service vent is used. 

The time during which this abnormal pressure is kept up must 
be exceedingly minute, even when compared with the infini- 
tesimal times we are considering, for we find the chronoscopo 
pressure, which may be regarded in the case of these '^poudres 
brutales” as representing the mean of pressures of a violent 
oscillatory character, hardly altered at all, even although the 
local pressures — as, for instance, when the rear vent is used — are 
increased 50 per cent. 

Other indications also, which I shall shortly notice, lead to the 
same conclusion ; but it is worthy of remark that, when violent 
local pressures are set up, waves of pressure, so to speak, appear 
to sweep from one end of the inflamed gases to the other, and to 
continue more or less during the whole time the shot is in the 
bore. 

We are led to this conclusion from the following: — 

With pebble and other powders, where no wave action is set 
up, the pressures indicated by the crushers throughout the bore 
agree satisfactorily with those indicated by the chronoscopo, and 
the area of a curve drawn through the observations represents 
with tolerable accuracy the work done on the shot, but when 
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wavo OiCtioii is sot up this no loiig'or holds. Tho voldcity of tho 
shot may be the same, or even less, and of course the area of which 
I have spoken should correspond. On the contrary, however, it is 
always greater — frequently enormously so — representing 60 to 70 
per cent, more work than is really done on the shot. 

,„I have drawn on this pressure, curve, Fig. 19, belonging to 
E. L. a, an imaginary line showing the way in which we may 
suppose these violent oscillations to exist; you will observe that 
oscillations of thig character would not only explain the anomalies 
obtained with the crusher, but would explain also the double 
maxima invariably observed by General Neumann’s Committee. 


Fig. 19 . 



I will only add that the chronoscope and crusher in these inves- 
tigations appear to me to be complementary one to the other. 
The chronoscope hardly recognises the existence of the local 
pressures ; on the other hand, the crusher frequently gives no 
clue whatever to the mean pressure existing in the chamber. 

The above remarks as to local pressures apply to quick-firing 
powders. With service vents and service charges this wave 
action scarcely seems to exist in the other powders I have 
discussed ; but if the charge be greatly increased in length, 
more especially if the cartridge be lighted from the rear, it 
again appears. It must be remembered that, objectionable, for 
many reasons, as this action is, it is in no way so serious as 
if the local pressure extended simultaneously throughout the 
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:elianiber. In fact, certain considerations, with wMcli I need not 
trouble you, led me to the conclusion that it was possible that 
under certain circumstances the maxima of the local pDressure 
might be confined, not only to a certain portion in the longi- 
tudinal section of the bore, but even to a certain small arc in 
the transverse section through that portion. 

I therefore caused the records of proof of certain 10-inch guns 
which have been proved at Els wick in a manner calculated to 
produce in a high degree local pressures, to be examined, and 
found that out of 26 guns 16 had, after proof, no expansion at 


Fig. 20. 



all, 2 were expanded in a very narrow rim all round at the seat 
of the shot, and the remainder, 8 in number, had small enlarge- 
ments technically called dents, but the whole of these dents were 
confined to the seat of the shot, and to that portion of the section 
nearly opposite the vent which I have indicated in this diagram, 
Fig. 20. 

Again, it is almost certain that the high local pressure indicated 
at the bottom of the 'bore in the 10-inch guns is confined to the par- 
ticular point where the crusher is placed, and is due to the contrac- 
tion of the bore towards the end. 

To one difficulty I must allude. 

In the i][uick“burning powders, at all events, it seems to be certain 
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that all, or at least all hat a very trivial qaantity, of the powder is 
converted into gas by the combastion of the powder before the pro- 
jectile has been materially moved from its initial position. A glance 
at one of these pressare diagrams mast convince you of this fact ; bat 
this being the case, how are we to accoant for the great loss of work 
which resalts when, ander ordinary circamstances, a charge is ignited 
from the rear vent? This loss is very variable, bat in one instance 
in oar own experiments the work realised in the shot was redaced 
from 78 foot tons to 58 foot tons per lb. of powder. 

The caase of this great loss of work, in an instance where it is 
difficalt to believe that any qaantity of powder can have escaped 
ignition, may, perhaps, be soaght either on the hypothesis that ander 
this pecaliar mode of ignition the prodacts of combastion differ 
materially from those arising ander ordinary circamstances, or, as 
heat plays so important a part in the pressare of fired ganpowder, it 
may possibly be sarmised that with the rear vent a maoh greater 
waste of heat has resalted than in the ease of the service vent. I 
believe it is generally assamed that the loss of work arising from the 
heat communicated to the gan is altogether insignificant. This is, 
however, not so. 

Careful experiments were made on this head some years ago in 
Italy with rifles, the rifles being fired ander three conditions — vis?., 
with the bullet as usual, the ballet very considerably removed from 
the charge, and with no ballet at all. 

The resalts were that in all cases the heat communicated to the 
barrel represented considerably more than one-third of the total work 
developed, according to Bunsen and Schischkoff, by the coiiibustioii 
of the powder, being greatest when the ball was placed at some 
distance from the charge, least when the rifle was loaded in the 
ordinary manner. 

The loss of heat would be very diffei’ent in the case of the large 
charges with which we are dealing, bat it is still much too large to 
be neglected, and it is certain that where the wave action, to which I 
have so often adverted, is set up, there is always a considerable loss 
of useful effect. 

We are not, however, disposed to theorise too closely on the 
anomalies to which I have referred, as I believe I may say we have 
reasonable hopes of being able to solve some of oar difficulties. 

Collaterally with the researches of the Committee on the action 
of ganpowder in guns, I have made at Els wick a series of experi- 
ments on the tension of the gases in closed vessels. 


ON THE TENSION OF FIRED GUNPOWDER 


83 


On the same diagram (Fig. 2, p. 56) in which I haye placed 
Eurnf ord’s and Eodman's experiments I have plotted down our Elswiek 
experiments, a portion of which were undertaken at the suggestion 
of General Lefroy. 

Eumford only succeeded in determining the tension of the powder^ 
gases when the powder occupied less than 70 per cent, of the space 
in which it was fired. His charges also were insignificant, and his 
results,, possibly from faults arising from his mode of operation, are 
extravagantly high. Eodman’s results, owing to the defect I have 
pointed out in his instrument, are also high, but he did not determine 
the tension where the powder occupied a larger proportion of the 
space than 50 per cent. 

At Elswiek, however, we have been so fortunate as not only to 
determine the tension of the gases at various densities, but we have 
exploded charges filling entirely the chambers of close vessels, and 
have altogether retained, and, by means of a special arrangement, 
discharged at pleasure the gaseous products of combustion. 

The results of our experiments, all with Government E. L. G., are 
shown in the diagram, and it only remains for me to describe the 
apparatus with which we obtained our results. It is here shown 
(Fig. 21) 

Fig. 21. 



The inflamed products are confined in the chamber by means of 
this gas check. The pressure is determined by means of a crusher 
arrangement fitted at A. The charge is exploded by means of one 
of Mr Abels fuzes. The current passes through this insulated cone, 
B, which, the moment the charge is fired, destroys the insulating 
material and effectually closes the passage. The details of one or 
two of these experiments will be interesting to you. When we first 
made the arrangement for confining the powder absolutely, I thought 
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that the best method of stopping the escape of the gas was to make 
a steel vent, closing it with a gun-metal plug faced with tin. This 
arrangement was apparently successful. When I had just got up to 
the cylinder, and was stooping down to feel its heat, the charge 
suddenly made its escape with considerable violence. When the 
cylinder was opened for examination it was found that the escape of 
the gas was due to the heat of the explosion having melted the tin 
between the conical plug, and through the melted tin the gas readily 
escaped. 

Another most remarkable occurrence was noted in the examination 
of this cylinder. On taking out the crusher apparatus, to my sur- 
prise I found that a portion of the solid steel projecting into the 
charge had been melted, and apparently run; also the head of a 
hardened steel screw had evidently fused. I hold in my hand these 
evidences of fusion, and call your attention to the exceedingly short 
time, 32 seconds, in which these effects were produced. By way of 
comparison, I put, for 37 seconds, into one of the hottest of Siemeffs 
regenerative furnaces, at a temperature probably of about 3300° Fahr., 
a similar piece of steel. It was raised only to a heat of about 180° Fahr. 

I must warn you, however, that the temperature of this fusion 
may have been seriously affected by chemical changes through which 
the fused metal may have passed ; but an examination which I hope 
to have shortly made will settle this point. 

With one other experiment I must trouble you. In the experi- 
ment I have just related I determined the tension of three-quarters 
of a pound of E. L. G. powder, completely filling the chamber in 
which it was fired, and having no escape whatever, to be about 32 
tons on the square inch. For the purpose of my lecture this evening, 
I determined to make a similar experiment with F. G. and pellet. I 
have done so, and the results were completely successful The gas 
was entirely confined. In the first case, when I got up to the cylinder 
it was making a singular crepitating noise, due probably to the 
sudden application of great internal heat. The temperature of the 
exterior of the cylinder rose rapidly to 111° Fahr., and then remained 
nearly stationary for some time. I then let the gases escape, which 
they did with a sharp, hissing noise, rising to a scream when any 
obstacle was j)laeed on the orifice. With the escaping gases there 
was not the slightest appearance of smoke, vapour, or colour of any 
kind. The pressure indicated by the F. G. was 37 tons on the square 
inch, or about 5600 atmospheres. 

Here, in these sealed bottles, are the solid residues of combustion 
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from the F. G. and also from pebble. In each cylinder had been placed 
platinum wire and foil of different degrees of thickness. These haTc 
disappeared, and I am unable to say in what state they now are, 
until the residues have been examined. 

I look upon the success of these experiments as being of great 
importance. 

Not only, with the assistance of my friend and colleague (on the 
Committee), Mr Abel, so well known for his researches in explosive 
substances, shall we be able to determine the vgrious products of 
combustion when the powder is fired at its maximum pressure, but 



we shall be able to determine whether any, and if so what, change in 
the products is due to combustion under varying pressure ; we shall 
also be able to determine the heat of combustion, and solve other 
important questions. 

To a remarkable coincidence and singular confirmation of the 
Committee's results I must draw your attention. 

Upon my obtaining this curve, giving the relation between the 
tension and density of the powder-gases in a close chamber, I was 
anxious to see how these results would conform with similar ones 
obtained from our observations of the tension in the bores of guns. 

Accordingly I laid down these curves anew, Fig. 22, representing 
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pebblo-powder fired in lO-ineli and 8-ineli gims, and E* L. G. fired in 
10-ineli, 8-incli, and 2-mcli gnns, the ordinates as before representing 
the tension of the powder, but the abscissae representing the density of 
the gas. You will perceive, under this view, how closely the 10-inch 
and 84nch pebble and E. L. G. approximate. But when I came 
to put on the same diagram, as indicated by the crosses, the 
tensions I had obtained from powder fired in a close vessel, they 
were nearly absolutely identical with the results obtained in the 
10 -inch gun from^pebble-powder. 

The coincidence, you will agree, is too remarkable to be 
accidental. 

The practical conclusions to be deduced from the investigations 
forming the subject of this lecture may be arranged as follows — 

1st. — The maximum pressure of fired ordinary gunpowder, 
density being unity unrelieved by expansion, is not much above 40 
tons to the square inch. 

2nd. — In large guns, owing to the violent oscillations produced 
by the ignition of a large mass of powder, the pressure of the gas 
is liable to be locally exalted, even above its normal tension, in a 
perfectly closed vessel, and this intensification of pressure endangers 
the endurance of the gun, while detracting from the useful effect. 

3rd. — Where large charges are used, quick-burning powder for 
the same energy greatly increases the strain upon the gun. 

4th. — The position of the vent or firing point , exercises an 
important influence upon the intensity of wave action, and in 
further enlarging the dimensions of heavy guns we must look to 
improved powder, and improved methods of firing the charge, so 
as to avoid as much as possible throwing the ignited gases into 
violent oscillation. 

5th. — In all cases it is desirable to have the charges as short as 
possible, and the cartridge so lighted as to reduce the run of the gas 
to the shortest limit. 

But I must conclude, and, while regretting the imperfect and 
incomplete information which I have been able this evening to give 
you, I trust you will remember that our investigations are still 
proceeding, and that, should the subject be of interest to you, and 
our work seem of sufficient importance, I or some other member 
of our Committee may yet be able to Jay before you the results of 
our further researches. 
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OB THE PEESSHEE EEQUIEED TO GIVE EOTATIOH 
TO EIFLED PEOJECTILES. 

{Philosophical MagazmCj 1873.) 

1. In a paper published in the Philosophical Magamnc for 1863 
(vol xxvL), and subsequently in the Eevue de Technologie Militaire, 
I gave some investigations on the ratio between the forces tending to 
produce translation and rotation in the bores of rifled gmis. 

2. My object in these investigations was to show, 1st, that in the 
rifled guns with which experiments were then being made the force 
required to give rotation was generally only a small fraction of that 
required to give translation ; 2ndly, that in all cases (and this was a 
point about which much discussion had taken place) the increment 
of gaseous pressiire (that is, the increase of bursting force) due to 
rifling was quite insignificant. 

3. In the paper referred to, although the formulae were suiBficiently 
general to embrace the various systems of rifling then under con- 
sideration in England, they did not include the case of an increasing 
twist, which has since been adopted for the 8-inch and all larger guns 
of the British service ; neither was our knowledge of the pressure of 
fired gunpowder sufficient to enable me to place absolute values on 
either of the forces I was considering. 

4. Since the date at which I wrote, an extensive series of experi- 
ments has been made in this country; and the results of these 
experiments enable me to give with very considerable accuracy both 
the pressure acting on the base of the projectile and the velocity at 
any point of the bore. I am therefore now able not only to assign 
absolute values where in my former paper I only gave ratios, but 
also to show the amount by which the studs of the projectiles of 
heavy guns have been relieved by the introduction of the accelerat- 
ing twist known as the parabolic system of rifling. 

■: ST':', V 


« 
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5. Very little consideration will satisfy any one conversant with 
the subject, that in the ordinary uniform spiral or twist the pressure 
on the studs or other driving-surface is a maximum when the pressure 
on the base of the shot is a maximum, and becomes greatly reduced 
during the passage of the shot from its seat to the muzzle of the gun. 
In my former paper I showed, in fact, that in a uniform twist the 
pressure on the studs was a constant fraction of the pressure on the 
base of the shot, the value of the fraction of course depending on the 
angle of the rifling ; and as it is evident that the tension of the 
powder-gases at the muzzle is very small when compared with the 
tension of the same gases at the seat of the shot, it follows that in 
such a system of rifling the studs may have scarcely any work to do 
at the muzzle, while they may be severely strained at the commence- 
ment of motion. 

6. If, then, the defect of the ordinary or uniform system of rifling 
be that the studs are severely strained at the first instants of motion 
and are insignificantly strained at the instant of quitting the gun, 
it is obvious that it is possible to remove this inequality and at the 
same time allow the projectile to leave the bore with the same angular 
velocity by reducing the twist at the seat of the shot and gradually 
increasing it until it gains the desired angle at the muzzle. In fact, 
if we know the law according to which the pressure of the powder 
varies throughout the bore, it is theoretically possible to devise a 
system of rifling which shall give a uniform pressure on the studs 
throughout the bore. 

7. These reasons doubtless led the late Ordnance Select Com- 
mittee, to whom the application of the increasing twist to the service 
guns is due, to propose its introduction ; and they selected as the 
simplest form of an increasing spiral the curve which, when developed 
on a plane surface, should have the increments of the angle of rifling 
uniform. This curve is, as is well known, a parabola ; and as con- 
siderable advantages have been claimed for the parabolic system of 
rifling, I propose in this paper to examine and evaluate them. 

I may add that I should not have given the results I now give, 
before the full experiments made by the Committee of Explosives, as 
well as some investigations undertaken by Mr Abel and myself are 
published, were it not that several groundless assertions concerning 
the Woolwich rifling have recently appeared, and have led to much 
discussion and very unnecessary uneasiness. 

8. The argument commonly advanced against an accelerating 
twist is based upon the fact of the shot moving slowest at first, it 
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being supposed that while moving slowest the shot will require less 
force to make it rotate; but there is a fallacy in this argument, 
which lies in confounding velocity with rate of acceleration. The 
shot undoubtedly moves slowest at first, but it acquires velocity most 
rapidly at first, and it is the gram of velocity that determines the 
strain upon the stud. 

9. The first question, then, which I propose is, to determine the 
pressure on the studs of a projectile fired from a gun rifled on a 
parabolic or uniformly increasing twist ; and in investigation I 
shall adopt the notation used in my former paper. 

10. Take, then, as the plane of my a plane at right angles to the 
axis of the gun. If the angle of rifling commence at zero, increasing 
to, say one turn in n calibres, let the plane 

of pass through the commencement of Fig- 1- 

the rifling ; but if the rifling do not com- 
mence at zero, it will be found more con- 
venient to make the plane of xy pass through 
the point where the twist would be zero 
were the grooves sufficiently prolonged. Let 
the axis of m pass through one of the 
grooves ; and, for the sake of simplicity, we 
shall suppose the rifling to be given by one 
groove only. Let the axis of z be coincident 
with that of the gun ; let AP (see Eig. 1) 
be the groove or curve described by the 
point P, and let P (x, y, s;) be the point at 
which the resultant of all the pressures 
tending to produce rotation may be assumed to act at a given 
instant. Let the angle AON'=^. 

11. Now the projectile in its passage through the bore is acted on 
by the following forces : — 

1st. The gaseous pressure G-, the resultant of which acts along 
the axis of z. 

2nd. The pressure tending to produce rotation. Calling this 
pressure E, and observing that it will be exerted normally to the 
surface of the groove, we have for the resolved parts of this pressure 
along the co-ordinate axes, E cos X, E cos and E cos p ; X, fx, and p 
being the angles which the normal makes with the co-ordinate axes. 

3rd. The friction between the stud or rib of the projectile and the 
driving-surface of the groove. This force tends to retard the motion 
of the projectile; its direction will be along the tangent to the curve 



m 


ON THE PRESSURE REQUIRED TO GIVE 


wMeh. the point P describes. If >1 be the coefficient of friction, and 
if a, y be the angles which the tangent makes with the co-ordinate 
axes, the resolved portions of this force are . cos a, /xiE . cos /3, 


jixj^E • cos y. 

12. Summing up these forces, the forces which act 


parallel to x are X = R , { cos A - cos a } \ 

,, 3/ „ Y = R.{cos/.x-/Xi cos^} 1 . 

„ z Z = G 4 - R . { cos V - cos y } j 


and the equations ^of motion are 


M . — = G + R { cos r ~ /Xj cos 7 } . 

. (2) 

d^ Yx^Xy 

dr- ~ ■ ■ ■ ■ 

• ( 3 ) 


p being the radius of gyration. Equations (1), (2), and (3) are 
identical with those I formerly gave. 

13. Now, in the case of a uniformly increasing twist, the equations 
to the curve which when developed on a plane surface is a parabola 
may be put under the form 

os — r cos ^ ^ = r sin ^ = kr<^ . . , (4) 

Hence 

dx— -r sin cl>,dcl>; dy^r cos . d<j> 
dz-^.dcj>; ds^ + 


and we have, to determine the angles which the tangent to the curve 
described by P makes with the co-ordinate axes, the equations 


dx 

cos a = —r == 
ds 

cos y8 = ^ = 
' as 

ds 

cos7 = ^ = 


— 2s . sin <j> 
2s . cos ^ 

IfW+W 

h 

HwW . 


(5) 


14. In the Woolwich guns the driving-surface of the groove may 
he taken, without sensible error, as the simpler form of surface where 
the normal to the driving-surface is perpendicular to the radius, the 
surface itself being generated by that radius of the bore which, 
passing perpendicularly through the axis of z, meets the curve 
described by the point P ; but in the first instance I shall examine 
the more general case, where the normal makes any assigned angle 
with the radius. 
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■ AssuiEe tRea that on the, plane ot xy the normal makes an angle 
S with the radius of the gum The driving-surfaoe of the groove is 
then swept out by a straight line which, always remaining parallel to 
the plane of xy, intersects the curve described by P, and touches' the 
right cylinder whose axis is coincident with that of 0 , and whose 
radius ,=r . cos & 

Now, the equations to the director being given by (4), and that 
to the cylinder, which the generator always touches, being 

-f ^2 = (r cos 8)^ . , . (6) 

it is easily shown that the co-ordinates of the |)oiiit of contact 
of the tangent to the cylinder drawn from P parallel to the plane xy, 
are''' 

. cos 8 . cos(<]^ ~-8)i 

^j = r.cos8. sm(<^--8)j * * * ’ ^ ^ 

and that the equation to the driving-surface is 

a’.cos^— - 8^- 4-y»sin|^ - sj- = r.cos8 . (8) 


15. The angles which the normal to this surface make with the 


co-ordinate axes are given by 


.dxj 


cos A 


//(fF\2 fdF\^ /dF\ 
y \dx) \dy) \ds) 


with similar expressions for cos jm and cos v. But 

(S) - - «)• ® - T'*'”® 

V(£)‘+ (f)“+ (f)"' IVBprw 

Therefore the angles which the normal to the driving-surface makes 
with the axes are given by 


k . cos 


cosA= -■ 




cos/x = 


cos r = - 


J 452(8111 8)2 + B 

k- sin (g - s) 

^/ 4s®(sm 6)® 

2 s . sin S 
V4js2(siii 6)2 +F 


( 9 ) 
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16. Substituting in (2) and (3) the values given for a, y, A., /x, v 
in (5) and (9), the equations of motion become 




2z sin 8 


M. 


d^<j> R . r 


s/ 4:z\sm Sy + 
k . sin 8 


+ 


JhL. 


and from (ll), 
R 


45r2(sin 8y + F V 4:Z^ + k^ 


sl4:Z^ + kV 
I 


M.p2 


d^ 


f k . sin 8 

2fi^z ) dt^ 

^ijis%smSy-+k^ 

J is^+k^f , 


17. To determine 
From (4) 


dH 

dt^ 

kr<l> = 

kr.^ = 2z, 


dt 


dz 

dt 


kr 


^ = 2 Is — + (-^\ 

df- dt^- ^ \dt) ] 

dt^ kr V'dt^ ^ J 


and substituting this value of in (12) 


R = 


dt^ 
2Mpg 


kr^ 


k . sin 8 


2/x. 


or, for brevity, 


\/ 402(sin 8y + \/ 4z'^ + k^ 


f d^z Q 1 


( d^z ^ 


dh 


or, substituting the value of derived from (10) 




2z . sin 8 


th^ 


( 10 ) 

( 11 ) 

( 12 ) 


(13) 


M M \ As/ 452(sin 3)2 + F \/4^2^/^2 

and from this expression may he deduced 

2p^Gz+Mv^} 

(^•2^2 ^ gjjj g 2/i^ks(p^ — r^) 

V422(sm5)2+1^' + B 


) + ]- 


• (14) 


18. Equation (14) gives the pressure acting between the studs or 
rib of the projectile and the driving-surface of the groove at any 
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point of the bore, and for any incKnation of the driving-surface ; but, 
as before stated, in the Woolwich guns the normal to the driving- 
surface (that is, the line of action of E) may, without material error, 
be considered as perpendicular to the radius. 

If in (14) S be put =90°, the equation is simplified; and the 
resulting expression gives the total pressure on the studs for the 
Woolwich guns. 

Putting then d = 90°, (14) becomes 

R= VN/4g^4-/i:\Gg+M»g) ’ _ _ _ 

kr^(k-2/j,yz') + 2p^s(22 + 

19. Compare now (14) and (15), the equations giving the pressure 
on the studs for parabolic rifling, with the equations subsisting where 
a uniform twist is used. 

For a uniform twist we have, as I formerly showed, ^ 

W .s 

Hj(27rp% — j’A) (2xp- + rM) sin 8 ’ ^ ^ 

where h is the pitch of the rifling, k the tangent of the angle which 
the groove makes with the plane oi xy, the other constants bearing 
the meaning I have already assigned to them in this investigation, 

20. In the Woolwich guns, where d = 90^ (16) becomes 

hr(Jc - -h 27r + 1 ) 

21. I proceed to apply these formulae, and propose to examine 
what are the pressures actually required to give rotation to a 400-lb. 
projectile, fired from a lO-inch gun with battering charges, under 
the following conditions : — 1st. If the gun be rifled with an increasing 
twist as at present. 2nd. If it be rifled with a uniform pitch, the 
projectile in both cases being supposed to have the same angular 
velocity on quitting the gun. As the calculations for the uniform 
pitch are the simpler, I shall take this case first. 

22. I have before remarked that with a uniform twist the pres- 
sure on the studs of the projectile is a constant fraction of that on 
the base of the shot, and represents, so to speak, on a reduced scale, 
the pressure existing at any point in the bore of the gun. Calling 
the fraction in equation (17) C, we have 


4 


R = C.G 


( 18 ) 
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where 


2rp'^ ijl+k^ 

hr(k - Pi) + 2trp^(jJ.Je + 1) 


•04426 


• ( 19 ) 


the values of the constants in (19) being in the case of the 10-inch 
gun as follow : — ■ 

p = -312ft., l- = 12-732, A = 33-333 ft., »-=-417ft., pi = -167 

Hence 

• R = -04426.0 . . . . (20) 


23. But the values of G are known with very considerable exact- 
ness from the investigations of the Explosive Committee under the 
presidency of Colonel Younghusband. The following Table gives the 
value of G (that is, the total pressure in tons acting on the base of 
the projectile) for a charge of 70 lbs. of pebble-powder at various 
points of the bore, and the corresponding values of E. It will be 
remarked how high the pressure on the studs is when that on the 
base of the shot is a maximum, and how rapidly the strain decreases 
as the shot approaches the muzzle. 


Table showing the pressure on the studs in a lO-mc/i British-service gun 
rifled xoith a uniform twisty calculated from (17). 


Travel of sliot, 
in feet. 

Total pressure G 
on base of shot, 
in tons. 

Value ofC. 

Value of E, or 
total pressure on studs, 
in tons. 

0-000 

0 

•04426 

0 

0-333 

l.'547 


68-5 

0-945 

1077 

9 > 

47-7 

1-834 

781 

99 

34-6 

2*723 

621 

99 

27-5 

3-612 

510 

9 9 

22-6 

4-500 

424 

99 

18-7 

5*389 

356 

99 

15*8 

6-278 

305 

99 

13-5 

7-167 

268 

99 

11*8 

8-055 

1 240 

99 

10-6 

8-944 

220 

99 

9-7 

9-833 

205 

' ■ 99 ' 

9*1 


24 The results in the Table show the pressures required to give 
rotation, if the 10-inoh gun be rifled on a uniform twist. I turn 
now to the rifling as it actually exists, and which is defined to 
be a parabolic twist, commencing with one turn in 100 calibres 
and terminating at the distance of 9-833 feet with a twist of one 


m 
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fcum in 40 calibres; and first to determine the equation to the 
parabola. 

Let the origin be at the point where the twist vanishes when the 
curve AB is sufficiently prolonged — that is, at the vertex of the 
parabola. Let 0^ and Oy' be the axes of co-ordinates ; let = 

Fig, 2. 



OB' = ^2 5 tangent of the angle which the curve 

makes with 0;^ at A, and tan 02 be the corresponding tangent at B. 
Then, from the definition of the parabolic twist, 


and 



constant = c, suppose 


csr 



But, from (21), 

tan 02 “ 

^ = -0047925 

^2 - 


( 21 ) 

( 22 ) 


Comparing (22) with the form of this equation given in (4), 


b '2 = we have y = r^p 


and k = — = il7-S 

c 


Hence the equation to the development of the parabolic rifling 
is 

^2=, 417-3^,^ . . . ^ . (23) 

and the distance of the origin from the commencement of the 
rifling 

= = 6-555 feet. 


25. As in the last case, I place in the form of a Table the results 



96 * ON THE PRESSURE REQUIRED TO GIVE 

given by (15) for different values of s. The values of the constants 
are, 

r=-417 feet, A: = 417-3,7) = -312 feet, /ij = -167, M= -00565 


Table showifig the pressure on the studs in a lO^nch Britisk-service gun rifled with a 
parabolic twisty commencing at one turn in 100 calibres and terminating at one 
turn in calihreSi, calculated from {1^), 


Value of s, tlie 
distance from 
the origin, in 
feet. 

Corresponding 
travel of the shot 
the hore, in 
feet. 

Corresponding 
velocity of shot, 
in feet. 

Total pressure 
on base of shot, 
in tons. 

Value of B, 
or total 
pressure on 
studs, in tons. 

6-555 

0*000 

0 

0 

0 

6*888 

0*333 

411 

1547 

31*2 

7*500 

0*945 

675 

1077 

28-7 

8.389 

1*834 

873 

781 

29*0 

9*278 

2*723 

992 

621 

30*2 

10*167 

3*612 

1078 

510 

31*4 

11*055 

4*500 

1146 

424 

32*3 

11*914 

5*389 

1200 

356 

33*0 

12*833 

6*278 

1245 

305 

33*8 

13*722 

7*167 

1282 

268 

34*5 

14*610 1 

8*055 

1311 

240 

35*2 

15*499 1 

8*944 

1333 

220 

35*8 

16*388 - 

9*833 

1349 

205 

36*3 


26. From an examination of the values of E given in this Table, 
it will be seen that the total pressure on the driving-surface reaches 
about 31 tons shortly after the commencement of motion, and the 
projectile quits the bore with a pressure of about 36 tons. With the 
view of making the variations which the pressures undergo more 
readily comparable, I have laid down in the coloured Plate facing 
page 98 the curves derived from Equations (15) and (17) for the 
battering charge of pebble-powder. 

From these diagrams the pressures on the driving-surface at any 
point of the bore, both for the uniform and parabolic twists, can be 
seen by simple inspection. The axis of abscissae gives the travel of 
the shot, and the ordinates give the corresponding total pressure on 
the studs. 

The curves show that with the uniform spiral the pressure on the 
studs reaches nearly 70 tons after a travel of *3 feet, rapidly falling 
to about 9 tons at the muzzle, while with the parabolic rifling the 
pressure at *3 feet of travel, corresponding to the point of maximum 
pressure, is only 31 tons. The pressure then falls slightly, and 
amounts to 28 tons at about 1 foot travel; thence it gradually 
increases to a maximum of 36 tons at the muzzle. 

By way of comparison, I have added in the Plate a curve showing 
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the' pressures required to give rotation to a 400-lb. projectile fired 
from the 10-inch gun with uniform twist when R. L. &. instead of 
pebble-powder is used. 

The curve in this case is of the same nature as that derived from 
the pebble-powder; but the variation is greater, the maximum pres- 
sure being much higher, and the muzzle-pressure, owing to the 
smaller charge, somewhat less. 

27. To one more point it is worth while to call attention. 

If the gun were a smooth-bore gun, the equation«of motion would 
be 

M.g.G' .... (34) 


and comparing this equation with (10), we have, on the supposition^ 
that the velocity increments in both cases are equal, 


G=G' + R.- 


f 2£* . sin S '] 

or, in the case of the Woolwich gun, where 0 = 90"^, 


G = G'-i-R. 




(25) 


(26) 


and the interpretation of these equations is that the gaseous pressure 
in the rifled guns (rifled with the parabolic twist) is greater than 
that in the smooth-bored gun by the second term of the right-hand 
member of the equation. 

28. The corresponding equations for a uniform twist are 


or, if S = 90'\ 


G = G' + R 


{ .v/F 


sin 8 


sj -h (sin Sy 


G = G' + R|-!5^diL 


fljk 1 

Vl+FJ 

• (20 

} . . . 

■ (28) 


29. I shall now put these results in actual figures, and shall 
again take for illustration the 10-inch gun, supposed (as before) to 
be rifled, 1st, on the uniform, 2nd, on the parabolic or service twist. 

With the uniform twist, G (see Table) = 1547 tons; and using 
Equation (28) and the values of the constants given in 22, 

G' = G-‘245R 

= *989G . . > . . (29) 

* Were the velocity increments not supposed equal, the reduction of pressure 
due to the suppression of rifling would be less than that given in the text. 
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Hence the decrement of pressure due to the suppression of rifling is 
only about 1 per cent; that is, the total pressure on the base of the 
shot is reduced from 1547 tons to 1530 tons, or the bursting pres- 
Bure is reduced from 197 tons per square inch to 19-5 tons per 
square inch. 

At the muzzle of the gun in the same manner we find that the 
total pressure is reduced from 205 tons to 202*8 tons, and the pres- 
sure per inch in a corresponding proj)ortion. 

30, Similarly, from Equation (26) and the values of the constants 
given in 25, the values of G' at the point of maximum pressure and 
at the muzzle of the gun are obtained; and I find that with the 
parabolic twist the pressure on the base of the shot would be reduced 
from 1547 tons to 1541 tons, or the bursting pressure would be 
reduced from 19*7 tons to 19*62 tons per square inch. 

At the muzzle the corresponding reductions are from 205 tons 
total pressure, to 196 tons, or from 2*61 tons to 2*49 tons per square 
inch. 

31. For the sake of clearness, I recapitulate the results at which 
I have arrived. They are as follows : — 

1st. That the pressures actually exerted at all points of the bore 
to give rotation to the 10-inch British-service projectile, compared 
with the pressures which would be exerted were the gun rifled on a 
uniform twist, are very approximately exhibited in the diagrams on 
Plate y ill. 

2nd, That in the 10-inch gun (and other guns similarly rifled) 
the pressure on the studs due to rifling is but a small fraction (about 
2| per cent.) of the pressure required to give translation to the shot. 

3rd. That the substitution of the parabolic for the uniform rifling 
has reduced by about one-half the maximum pressure on the studs. 

4th. That the increment of the gaseous pressure, or the pressure 
tending to burst the gun, due to rifling is exceedingly small, both 
in the ease of the uniform and parabolic rifling. This result is 
entirely confirmed by the experiments of the Explosive Committee,, 
who have found no sensible difference of pressure in the 10-ineh gun 
fired in the rifled and unrifled states. 

5th. That, small as the increment in gaseous pressure due to 
rifling is, it is still less in the parabolic than in the uniform system 
of rifling. 

Although the increase of strain due to rifling is inconsiderable, yet the decrease 
of the strength of the structure of a gun inseparable from rifling may be, and in 
many systems is, considerable ; but the discussion of this question is outside of the 
scope of my paper. 
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(a) INTEODUOTORY HISTORY 

The investigations which form the subject of this memoir have 
occupied our attention for a considerable time, having been com- 
menced in 1868. They have been made collaterally with a series 
of experiments carried on by a Committee appointed by the 
Secretary of State for War, with the view, among other objects, of 
determining the most suitable description of powder for use in 
heavy ordnance, which is still continually increasing in size ; indeed 
our main object has been to endeavour to throw additional light upon 
the intricate and difficult subject under investigation by that 
Committee. 

There are perhaps few questions upon which, till within quite a 
recent date, such discordant opinions have been entertained as upon 
the phenomena and results which attend the combustion of gun- 
powder. As regards the question alone of the pressure developed, 
the estimates are most discordant, varying from the 1000 atmospheres 
of Eobins to the 100,000 atmospheres of Eumford ; or even, discarding 
these extreme opinions in favour of views which have been accepted 
in modern text-books as more reliable, the difference between an 
estimate of 2200 ^ and of 29,000 f atmospheres is sufficiently startling 
as regards a physical fact of so much importance. The views 
regarding the decomposition of gunpowder are nearly as various ; and 
we therefore think that a description and discussion of our own 
researches may be usefully preceded by a short account of the 

* Bloxam, C. L., Chemistry, Inorganic and Organic, 1867, p. 427. Owen, 
Lieiit.-CoL, R.A., Principles and Practice of Modern Artillery, 1871, p. 155. 

t Piobert, G., TraU6 d'Artillerie Thiorigm et ExpirmuntaU, 1859, pp. 354-360. 
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labours of ■ the previous investigators' of this subject^ and of,, the 
grounds upon which their conclusions were based. 

In the year 170.2, De la Hire, who, according to Eobins, was ,the 
first writer on the force of fired gunpowder, supposed that it was due 
to the increased elasticity of the air contained in and between the 
grains, the function of the powder itself being merely that of a heating 
agent. Eobins (who, however, greatly underrated the temperature 
of explosion) pointed out that the elasticity so acquired would not 
exceed 5 atmospheres, and that such a pressure w^s not the two- 
hundredth part of the effort necessary to produce the observed 
effects. 

Eobins,* in 1743, read before the Eoyal Society a paper, in which 
he described experiments tending to show that gunpowder, when 
fired, generated permanent gases which, at ordinary temperatures 
and atmospheric pressure, occupied a volume 236 times greater than 
that of the unexploded powder. He made further experiments to 
show that, at the temperature which he conceived to be that of 
explosion, the elasticity of the permanent gases would be increased 
fourfold, and hence the maximum pressure due to fired gunpowder 
would be about 1000 atmospheres. 

Eobins considered that the whole of the powder (such as he 
employed) was fired before the bullet was sensibly moved from its 
seat. He argued that, were such not the case, a much greater 
effect would be realised from the powder when the weight of the 
bullet was doubled, trebled, etc, ; but his experiments showed that 
in all these cases the work done by the powder was nearly the 
same. 

In 1778, Dr Hutton,f of Newcastle-on-Tyne, read before the 
Eoyal Society an account of his celebrated researches in gunnery; 
and in his 37th tract are detailed the experiments from which he 
deduced the maximum pressure of gunpowder to be about twice that 
given by Eobins, or a little more than 2000 atmospheres, 

Hutton, like Eobins, saw that the moving force of gunpowder 
was due to the elasticity of the highly-heated gases produced liy 
explosion; and, upon the assumption that the powder was instan- 
taneously ignited, he gave formulae for deducing the pressure of 
the gas and velocity of the projectile at any point of the bore. These 
formulae, the principles of thermodynamics being then unknown, are 
erroneous, no account being taken of the loss of temperature due to 

* New Principles of Gunnery, 4c, 

j- Jfajf/iema/icaZ 2Vac^5, 1812, vol. iii. pp. 209-316, 
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work performod; but we shall have occasioii to point out that the 
error arising from this cause is not nearly so great as might be at 
first supposed.^ 

In 1797, Count Eumford f communicated to the Eoyal Society his 
experimental determinations of the pressure of fired gunpowder ; his 
results, although conjecturally corrected by more than one writer, 
have retained up to the present time their position as the standard, 
if not the only, series of experiments in which the pressure has been 
obtained by dir^pt observation. 

In prosecuting his remarkable experiments Count Rumford had 
two objects in view: JiTsiy to ascertain the force exerted by explosive 
powder when it completely filled the space in which it was exploded ; 
secondly, to determine the relation between the density of the gases 
and the tension. 

The apparatus (see Fig. 1, p. 64) used by Eumford consisted 
of a small, strong wrought-iron vessel or chamber 0'25 inch 
(6*3 mm.) in diameter, and containing a volume of *0897 cubic 
inch (1*47 c.c.). It was terminated at one end by a small closed 
vent filled with powder, so arranged that the charge could be 
fired by the application of a red-hot ball ; at the other end it was 
closed by a hemisphere upon which any required weight could be 
placed. 

When an experiment was to be made, a given charge was 
placed in the vessel, and a weight, considered equivalent to the 
resulting gaseous pressure, was applied to the hemisphere. If, 
on firing, the weight was lifted, it was gradually increased until 
it was just sufficient to confine the products of explosion, 
and the gaseous pressure was calculated from the weight found 
necessary. 

The powder experimented with was sporting, of very fine grain ; 
and as it contained only 67 per cent, nitre, it differed considerably 
from ordinary powder. Its specific gravity (1*868) and gravimetric 
density (1*08) were also very high; but in his experiments Count 
Eumford appears to have arranged so that the weight of a given 
volume of gunpowder was nearly exactly equal to that of the same 
volume of water — that is to say, the gravimetric density was about 
equal to unity. 

* Hutton, in a note to the new edition of Robins’s published in 1805, 

mentions that the elastic force of gunpowder was considered by John Bernoulli to 
be that of 100 atmospheres, while Daniel Bernoulli considered it to be equal to 
about 10,000 atmospheres. — Robins, foe. p. 57. 

^ Philosophical TransactioTiSi 17^7 ^ 2 , 2 , 
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The curve drawn on Plate IX., p. 230 exhibits the results, of the 
first and most reliable series of Count Eumford's observations.. Ifc 
shows the relation he believed to exist between the density of the 
gas and its pressure, and is expressed by the empirical formula 
p = j? being the tension and x the density of the 

gas.; 

The charges with which Eumford experimented were very small ; 
the largest, with one exception (by which his vessel was destroyed), 
was 18 grains (1*17 grm.). The total quantity of powder required to 
fill the vessel was about 28 grains (1*81 grm.). It may be observed 
that, if the curve (Plate IX.) were supposed to be true up to the 
point when the chamber is completely filled, the pressure exhibited 
would be about 29,000 atmospheres. But, high as this result is, 
Eumford considered it much below the truth. In addition to the 
series the results of which are graphically represented, a second 
series was made, the results of which were very discordant. 

From Plate IX. it will be observed that, with a charge of 12 
grains (0*78 grm.) (equivalent to a mean density in the products of 
combustion of 0*428), the tension of the gas was in the first experi- 
ment about 2700 atmospheres ; but in this second series the tension 
with the same charge was repeatedly found higher than 9000 atmo- 
spheres. 

The discrepancies between the two series of experiments are not 
explained ; but, relying upon the second series, and on the experiment 
by which the cylinder was destroyed, Eumford calculated that the 
tension of exploded gunpowder, such as that employed by him 
when filling completely the space in which it is confined, is 101,021 
atmospheres (662 tons on the square inch).^ He accounts for this 
enormous pressure by ascribing it to the elasticity of the steam 
contained in the gunpowder, the tension of which he estimates as 
being doubled by every addition of temperature equal to 30° Fahr. 
He further considers the combustion of powder in artillery and small 
arms to be comparatively slow, and that hence the initial tension lie 
assumes is, in their case, not realised. 

In 1823, Gay-Lussac appears to have communicated to the 
'' Comite des Poudres et Salpetres ” a report of his experiments upon 
the decomposition of gunpowder.f Gay-Lussac's products were 
obtained by allowing small quantities of gunpowder to fall into a tube 

* Rumford, loc. eiL p. 280. 

t We have been unable to obtain the original of this report ; see, however, 
Piobert, Zoc. p. 298. 
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arranged to receive tlie gases, and heated to redness. The collected 
permanent gases, when analysed, gave in 100 volumes 52*6 voliimes 
of carbonic anhydride, 5 of carbonic oxide, and 42*4 of nitrogen. 
day-Lussac gave the volume of these gases, at a temperatures of 
0" Cent, and 760 mm. barometric pressure, as occupying 450 times the 
space filled by the powder, the gravimetric density of which was *9, 
Piobert, however, points out that Gay-Lussac's results, tluis stated, 
are not possible, and suggests that, by an error, the quantity of gas 
actually found has been doubled. 

Piobert’s suggestion is, from various corroborative circumstances; 
exceedingly probable, and is confirmed by the fact that Gay-Lussac 
himself estimated the permanent gases at about 250 volumes. 

In 1825, Chevreul,^ after drawing attention to the difference in 
the decomposition of gunpowder when occurring explosively, as in the 
bore of a gun, and when taking place slowly, as by ignition in open 
air, supposes the decomposition in the former case to be represented 
by the equation 

2KNO3 + s + Cg = K2S + Ng + 3 CO^ 

He points out that the actual constituents of gunpowder are 
employed in proportions almost in exact accordance with this 
formula ; and the same view appears to have been taken by Graham, f 
who further supposes that the potassium sulphide is converted into 
sulphate on coming into contact with the air. 

Chevreul gives potassium sulphide, sulphate, carbonate, cyanide, 
nitrate or hyponitrite, and carbon as composing the solid residue of 
gunpowder when burnt slowly ; and gives further, as the result of 
some experiments of his own, for the gaseous products in 100 
volumes : — 


Carbonic anhydride 

4541 

Nitrogen 

37-53 

Nitrous oxide 

8*10 

Sulpli. hydrogen . 

0-59 

Marsh-gas . . . 

3-50 

Carbonic oxide 

4-87 


Between the years 1831-36 a great number of very important 
experiments, ehiefiy upon the combustion and inflammation of gun- 
powder, were made by General Piobert. The results of these experi- 

* Dictionnaire des Sciences Naturelles^ tom. xxxv. p. 58, 
t Art. “Gunpowder.” 



RESEARCHES ON EXPLOSIVES 


105 


ments, together with Piobert’s theoretical views, are contained in Ms 
work on the properties and effects of gunpowder.* 

Piobert considered that the velocity of inflammation of gun- 
powder, that is, the transmission of the ignition from one grain to 
another when the charge was contained in a close vessel or tube 
offering a high resistance, was very great ; but he did notf consider 
that the influence of the high temperature and great tension of the 
gases exercised a sensible effect in increasing the rapidity of com- 
bustion of the individual grains. ^ 

It is somewhat difficult to collect his views upon the subject of 
the decomposition of gunpowder ; and his work on this point must 
be taken more as a rimnU of the views of chemists on the subject 
than as an expression of his own. He seems, however, to have 
ascribed a great influence to the mode of ignition, even on the 
quantity of permanent gases, and quotes results varying from 200 
volumes to 650 volumes, | all taken at atmospheric temperatures and 
pressure. 

He states that, from theory,^ the quantity of gas should be com- 
prised between 330 and 350 volumes, and should amount in weight 
to three-fifths of that of the powder. 

As regards the tension of the products at the moment of explosion, 
he accepts as tolerably correct the first series of Eumford’s experi- 
ments, and makes the pressure of gunpowder, when fired in its own 
space, about 23,000 atmospheres.|| 

He further considers it possible that the presence IT of the vapour 
of water may add to the explosive force of gunpowder. He shares 
Rumford's views as to the solid products being in a state of vapour 
at the moment of explosion ; he ascribes the high tension he assumes 
to the difference in the behaviour of vapours and permanent gases 
when highly heated, and divides the phenomenon of explosion into 
two very distinct epochs : — the first when the solid products are in 
the state of elastic vapours, adding their tension to that of the per- 
manent gases ; the second epoch being when the permanent gases act 
alone, the vapours being condensed. 

In 1843, General Cavalli ** proposed to apply to an experimental 
gun, at various distances from the bottom of the bore, a series of 
small barrels of wrought iron, arranged to throw a spherical bullet 

* Piobert, G., TraiU d' ArtiUerie, ProprUUs et Effetsds la Poudrs, 1859. 

t Log, gU. pp. 158--162. % Log. cit p. 292. 

§ Log, cM.p. 291, || Log. cit. pp. 357, 359. IF Log. cit. p. 316. 

** Pevm de Technologie Militaire^ tom. ii. p» 147. 
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wMcli would be acted upon by the charge of the gun while giving 
motion to its projectile. By ascertaining the velocities of these 
bullets, Oavalli considered that the tensions in the bore would be 
ascertained. This arrangement was carried out with a ''cannon do 
16/b under his own superintendence, in 1845; and from these 
experiments was deduced the theoretical thickness of the metal at 
various points along the bore. 

General Oavalli appears to have estimated at a very high rate the 
tensions realised in the bores of guns. He considered that, with the 
Belgian '' brisante ” powder of 1850, a tension of 24,000 atmospheres 
(158 tons per square inch) was actually realised, while in the less 
inflammable powders the tension was, he considered, under 4000 
atmospheres. 

In 1854, a Prussian Artillery Committee made a series of experi- 
ments f to determine the pressure exerted by the powder in the bores 
of the 6- and 12-pr. smooth-bored guns. 

The plan adopted was a great improvement on that suggested by 
Oavalli, and was as follows : — 

In the powder-chamber a hole was drilled, and in this hole was 
fitted a small gun-barrel of a length of, say, 8 inches. Now, if the 
gun be loaded, and if in the small side barrel we place a cylinder 
whose longitudinal section is the same as that of the projectile, when 
the gun is fired, on the assumption that the pressure in the powder- 
chamber is uniform, the cylinder and the projectile will in equal 
times describe equal spaces, and after the cylinder has travelled 8 
inches it will be withdrawn from the action of the charge. If, then, 
we know the velocity of the cylinder, we know that of the projectile 
when it has travelled 8 inches. Again, if we make the section 
of the cylinder half that of the projectile, it will describe in the 
same time double the space and have acquired double the velocity, 
and so on; so that, for example, if the section of the cylinder 
be one-eighth of that of the projectile, we shall, if we know the 
cylinder’s velocity, know that of the projectile when it has travelled 
1 inch. 

The general results at which the Prussian Committee arrived 
were, that in the 6-prs. the maximum pressure realised was about 
1100 atmospheres (7*2 tons per square inch), and in the 12-prs. about 
1300 atmospheres (8*5 tons per square inch). They further found 

* Cavalli, Gen., Mimoire sur les Eclatements des Canons, 1867, p. 83. 

t ^rchiv fur die Offiziere der Kdniglich Preussischen Artillerie-und Ingenkwr-^ 
tom. xxxiv. p. 2. Bevm de Tecknologie Militaire, torn, i p. 9, tom. !i p. 152. 
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that, with every charge with wMch they experimented, two iiiaxinia 
of tension were distinctly perceptible. 

These experiments were made the subject of an elaborate niemoir 
by the distinguished Russian artillerist General Mayevski,^ who con- 
firmed generally the results arrived at by the Prussian Committee. 

Between the years 1857 and 1859, Major Rodman f made an 
extensive series of experiments on gunpowder for the United States 
Government. 

The chief objects of Rodman’s experiments weye,— 1st, to ascer- 
tain the pressure exerted on the bores of their then service guns ; 
2nd, to determine the pressures in guns of different calibres, the 
charges and projectiles in each calibre being so arranged that an 
equal column or weight of powder was behind an equal column or 
weight of shot ; 3rd, to investigate the effect produced on the gaseous 
tension in the bore of a gun by an increment in the size of the grains 
of the powder ; and 4th, to determine the ratio which the tension of 
fired gunpowder bore to its density. 

In carrying out these experiments, Rodman made use of an 
instrument devised by himself, and since extensively used on the 
Continent. It is represented in Plate X., Fig. 1 (p. 230), and consists 
of a cylinder, A, communicating by a passage, B, with the bore of the 
gun or interior of the vessel, the pressure existing in which it is 
desired to measure. 

In the cylinder is fitted the indieating-apparatus, consisting of a 
piece of copper, C, against which is placed the knife D, shown in 
elevation and section. The pressure of the gas acting on the base 
of the piston E causes the indenting- tool to make a cut on the soft 
copper, and, by mechanical means, the pressure necessary to make a 
similar cut in the copper can be determined. 

A small cup at F prevents any gas passing the indenting-tool, 
while the little channel G allows escape should any, by chance, 
pass. 

Rodman considered that his experiments showed that the 
velocities obtained in large guns with the service small-grained 
powder might be obtained, with a greatly diminished strain on the 
gun, by the use of powder properly adapted in size of grain to the 
calibre and length of bore proposed to be used. 

Rodman’s conclusions on this head are extremely valuable, 

Mevm de Teclmologie Militairey tom. ii. p. 174. 
t ’-Experiments on Metal for Cannon and qualities of Gannon Powder, Boston, 
1861. 
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although, as has been elsewhere pointed oiit,^ some of his experi- 
mental results are open to grave criticism. His experiments on the 
relation between the tension and density of powder (the powder 
being placed in a strong shell and fired through a small vent) were 
not carried far enough to be of much value ; but on Plate IX., Fig. 2 
(p. 230), we have represented his results in comparison with those of 
Eumford. 

Rodman also made an attempt to determine the pressure that 
would be exerted jvhen powder was exploded in its own space. He 
fired the charges, as before, through a vent in a strong shell, and 
considered that the maximum pressure would be realised before the 
shell burst. His results were very various, ranging from 4900 to 
12,400 atmospheres, the highest tension being obtained with the 
smallest charge. These anomalous results were probably due to the 
distance from the charge at which his instrument was placed, the 
products of combustion doubtless attaining a very high velocity 
before acting on the piston. 

In 1857, Bunsen and Schisehkoff published f their very impor- 
tant researches on gunpowder. Their experiments were directed, 
first, to determine the nature and proportions of the permanent gases 
generated by the explosion of gunpowder; secondly, to determine 
the amount of heat generated by the transformation. With the aid 
of these experimental data they deduced, from theoretical considera- 
tions, the temperature of explosion, the maximum pressure in a close 
chamber, and the total theoretical work which gunpowder is capable 
of performing on a projectile. 

The powder in these experiments was not exploded, but defla- 
grated, by being allowed to fall in an attenuated stream into a heated 
bulb, in which, and in the tubes connected with it, the products were 
collected. 

The transformation, according to these experimenters, experienced 
by gunpowder in exploding, is shown in the following scheme. It 
will be observed that the permanent gases represented only about 31 
per cent, of the weight of the powder, and occupied at 0° Gent, and 
760 mm. only 193 c.c.~that is, approximately, 193 times the volume 
occupied by the unexploded powder. 

* Noble, “ Tension of Fired Gunpowder,” Proc, Royal Institution, voi. vi. 
p. 282 ; also see ante, p. 60. 

t VoggendoTm AnnaUn, vol. cii. p. 325. A translation of Bunsen and Scliiscli- 
kolFs memoir appeared in the occasional papers of the Royal Artillery Institution, 
voL i. p, 297 ; see also, at p. 312 of the same volume, Mr AbeFs remarks on Bunsen 
and SchischkofTs results. 
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Table l,—8hotomff the transformation experienced hy ymipoioder after Bunsen 

and Bchwchkoff. 
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In Table 3 a comparative statement is given of tlie foregoing 
results with those of other recent experimenters, and with those 
furnished by our investigations. (See p. 130.) 

Bunsen and Schischkoff determined the number of units of heat 
generated by combustion, by exploding a small charge of powder in a 
tube immersed in water. They found that the combustion of a 
gramme of powder gave rise to 620 gramme-units of heat ; and hence 
they calculated that the temperature of explosion, in a close chamber 
impervious to heat, was 3340° Cent. (5980° Eahr.). 

From the above data the pressure in a close vessel is deducible ; 
and they computed that the maximum pressure which the gas can 
attain, which it may approximate to but can never reach, is about 
4374 atmospheres, or 29 tons on the square inch. 

Bunsen and Schischkoff further computed the total theoretical 
work which a kilog. of gunpowder is capable of producing on a 
projectile at 67,400 kilogrammetres. 

In the course of our paper we shall have frequent occasion to refer 
to these very important researches. 

In 1858, D. J. Linck^' repeated, with VVurtemburg war-powder, 
Bunsen and Schischkoff analysis of the products of combustion, 
which were obtained by the same method. The composition of the 
powder used is given in Table 2, p. 128. 

LincFs results, which we have placed in the same Table as those 
of Bunsen and Schischkoff, differed in several points from the results 
of the latter chemists, but chiefly in the much smaller quantity of 


Amialen der Chemie^ vol. cix. p. 
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potassium sulphate found. Linck considered that 1 grm. of the 
powder used generated 218*3 c.c. of gas. 

In 1863, M. von Karolyi ^ examined the products of comhustion of 
Austrian musket- and ordnance-powder. 

M. von Karolyf s method of obtaining the products of coiiibustioii 
consisted in suspending in a spherical shell a small case containing a 
charge of the powder to be experimented with. Before firing the 
charge, the air contained in the shell was exhausted ; the powder was 
fired by electricity. 

The arrangement will readily be understood from the sketch 
shown in Eig. 3, Plate XI. (p. 230). 

After combustion, the gases were obtained for examination by 
means of the stop-cock, while the solid residue remaining in the shell 
was removed with water and filtered. 

The composition of the powders used is given in Table 2 (p. 128)> 
and the results of analysis in Table 3, p. 130. Von Karolyi computed 
that the gases resulting from 1 grm. of small-arm powder generated 
226*6 C.C., and from 1 grm. of ordnance-powder 200*9. 

The Astronomer Eoyal, Sir G-. B. Airy, in a paper f published in 
1863, '' On the Numerical Expression of the Destructive Energy in 
the Explosions of Steam-boilers, and on' its comparison with the' 
Destructive Energy of Gunpowder,” considers that “ the destructive 
energy of 1 cubic foot of water (62*23 lbs. = 28*23 kilogs.) at the 
temperature which produces the pressure of 60 lbs. to the square inch 
is equal to that of 1 lb. of gunpowder, and that the destructive 
energy of 1 cubic foot of water at the temperature which produces the 
pressure of 60 lbs. to the square inch, surrounded by hot iron, is pre- 
cisely equal to the destructive energy of 2 lbs. of gunpowder as fired 
in a cannon.” 

Airy takes the energy of a kilog. of powder as fired from a gun at 
56,656 kilog. metres = 82*894 foot-tons per lb. of powder ; so that the 
total energy of gunpowder would be somewhat less than double the 
above value. He states, however, that this estimate does not pretend 
to be very accurate. 

In 1869 were published, in the Zeitsehrift filr Chemu,\ the results 
of some experiments made by Colonel Fedorow to determine whether 
the products varied materially with the mode of combustion. 

Fedorow experimented (1) by firing a pistol with a blank charge* 

* PoggendoriF’s April 1863. Philosophiml Magazine-, sei\ 4, vol. xxvi. 

■p. 266.:., ... ■ ; ■ 

t PhilosopMcal Magazine, ser. 4, vol. xxvi, p. 329. J Ibid, voL v. p. 
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into a glass tube 4 feet long, (2) and hy firing a shotted 9-pr. bronze 
gun with 3 lbs. of powder ; the residues were in each ease dissolved in 
water and analysed. 

The composition of the powder employed by Fedorow is given in 
Table 2, and his analytical results are shown in Table 3. 

From the experiments with the gun, Fedorow calculated that the 
gaseous products were 82*6 c.c. N, 1621 c.c. COg, and 14 c.c. SO^ and 
0. He considers that several successive reactions take place during 
combustion, that potassium sulphate and carbonic anhydride are first 
formed, while the excess of carbon reduces the sulphate to carbonate, 
hyposulphite, and carbonic anhydride. 

In 1871, Captain Hoble,^ one of the present writers, in detailing 
to the Eoy al Institution his earlier researches on the tension of fired 
gunpowder, stated that the conclusion at which he had arrived from 
the results of his experiments, where the products of combustion were 
entirely or partially confined, was, that the maximum pressure of 
fired gunpowder, of the usual gravimetric density, when unrelieved 
by expansion, did not greatly exceed 6100 atmospheres (40 tons to 
the square inch). Upon the same occasion a curve was exhibited, 
showing the relation between the tension and the density of the 
exploded products. These results have been confirmed by our 
present more extensive and exact investigations. 

Captain Hoble also stated that, by means of a special apparatus 
which was fully described at the time, he had not only determined 
the tension of the gases at various densities, but had exploded con- 
siderable charges filling entirely the chambers of close vessels, and 
had altogether retained and at pleasure discharged the gaseous and 
other products of eoinbustion.t 

Berthelot| published, in 1872, a collection of theoretical papers 
upon the force of powder and other explosive substances. 

Berthelot does not attempt to evaluate the force of fired gun- 
powder, but evidently accepts as tolerably correct | the tensions 
assigned by Eumford and Piobert, and accounts for the discrepancy 

* Proceedings of Royal Institution, vol. vi. p. 282. llemie Bcientifique, No. 48, 
p. 1125. 

t In the present paper, in Section K, the results of some of Capt Noble’s 
earlier experiments are given. They accord, as will be seen, exceedingly well with 
the series we have discussed at length ; but a few experiments made with a fine- 
grained powder are excluded, both because the powder, being sporting, was not 
comparable with the fine-grain used in the present researches, and because the 
differences in their composition are unknown, the sporting-powder not having been 
analysed. 

1 But la Force de la Foudre, Paris, 1872. 


§ Log. cit. p. 80. 
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between their conclusions and those of 'the modern chemists by 
assuming that the laws of Mariotte and Gay-Lussac lose all physical 
significance for pressures so enormous as those developed in the 
combustion of gunpowder. 

Berthelot is disposed to think that dissociation plays a consider- 
able role during the expansion of the products in the bore of a gum 
He supposes that the phenomena of dissociation do not exercise their 
influence only during the period of maximum effect, but that, during 
the expansion of#the gases, a cooling effect is produced, by which a 
more complete combination is effected and more heat disengaged. 

Taking Bunsen and Schischkoff's experiments as a basis, Berthe- 
lot expresses the decomposition experienced by gunpowder by the 
equation f 

I 6 KNO 3 + 6 S 4- 13C - SKoSO, -f 2 K 2 CO 3 + K,S -h 16N + 1 ICO,, 

which he considers represents their results with sufiicient exactness. 

In 1873, M. de Tromenec^ communicated to the Academy of 
Sciences a short memoir on the means of comparing the absolute 
force of varieties of powder. His method was based upon the 
principle that, when a body is exploded without producing mechanical 
effect, the “ force disponible is converted into heat, and that it is 
only necessary to explode a given weight in a close vessel and 
determine the heat produced. 

The apparatus used by De Tromenec was closed in much the 
same manner as was that employed by Captain Noble in his earlier 
experiments already alluded to. The three kinds of powder experi- 
mented with gave results varying between 729 and 891 calories 
generated by the combustion of 1 kilog. of powder. 

In the same § number of the Gomptes Menchis in which De 
Tromenec's memoir is given, appears a note by MM. Roux and 
Sarrau, in which, and in a subsequent note,|| are determined, with 
small charges, some of the points to which our own investigations 
have been specially directed. 

MM. Eoux and Sarrau have given, for five species of powder, the 
number of calories and volume of gas generated by a given weight of 
powder, and have from these data calculated the temperature of com- 
bustion and tension of the gas. 

With one of the powders, representing closely the composition of 
those chiefly experimented with by us, the number of calories and 

* Bur la Force de la Poudre^ p. 83. f Loc. cit. p. 91. 

t Oomptes Rendus de V Acad6mie des Sciences, tom. Ixxvii. p. 126. 

§ to \\ Ibid. p. i.78. 
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Yolnme of the gas agree nearly exactly with the numbers found by 
ourselves. There is, however, a considerable difference in our deter- 
minations (both theoretical and experimental) of the tension of the 
gas and also of the temperature of explosion, the temperature being 
estimated by Eoux and Sarrau at about 4200“" Cent., and the tension 
at about 4700 atmospheres. 

We shall return, however, to these points when discussing our 
own experiments. ' 

(6) OBJECTS or EXPERIMENTS. 

The chief objects which we had in view in making these investi- 
gations were : — 

First To ascertain the products of combustion of gunpowder fired 
under circumstances similar to those which exist when it is exploded 
in guns or mines. 

Second. To ascertain the tension of the products of combustion at 
the moment of explosion, and to determine the law according to 
which the tension varies with the gravimetric density of the powder. 

Third. To ascertain whether any, and, if so, what well-defined 
variation in the nature or proportions of the products accompanies a 
change in the density or size of grains of the powder. 

Fourth. To determine whether any, and, if so, what influence is 
exerted on the nature of the metamorphosis by the pressure under 
which the gunpowder is fired. 

Fifth. To determine the volume of permanent gases liberated by 
the explosion. 

Sixth. To compare the explosion of gunpowder fired in a close 
vessel with that of similar gunpowder when fired in the bore of a 
gun. 

Seventh. To determine the heat generated by the combustion of 
gunpowder, and thence to deduce the temperature at the instant of 
explosion. 

Eighth. To determine the work which gunpowder is capable of 
performing on a shot in the bore of a gun, and thence to ascertain 
the total theoretical work, if the bore be supposed of indefinite length. 

(c) METHODS OF EXPERIMENT. 

1. Explosion-apparatus. 

We propose, in the first place, to describe the principal apparatus 
used in these investigations, and shall commence with that portion 

A ' H, ■■ 
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wMch is of primary importance, viz., the vessel in which the 
explosions were produced. Two sizes of vessels were used, the 
larger being capable of holding about 2i lbs. (1 Mlog.) of powder, 
the other being about half that capacity. 

Both vessels were of the same general construction, and similar 
to that described in Captain Noble's Lecture at the Eoyal Institu- 
tion already referred to. A drawing of the apparatus is given in 
Plate X., Figs. 2 and 3 (p, 230). 

A (see Figs.r2 and 3) is a mild steel vessel of great strength, 
carefully tempered in oil, in the chamber of which (B) the charge 
to be exploded is placed. 

The main orifice of the chamber is closed by a screwed plug 
(G), called the firing-plug, which is fitted and ground into its 
place with great exactness. 

In the firing-plug itself is a conical hole, which is stopped by 
the plug I), also ground into its place with great accuracy. As 
the firing-plug is generally placed on the top of the cylinder, and 
as, before firing, the conical plug would drop into the chamber if 
not held, it is retained in position by means of the set-screw S, 
between which and the cylinder a small washer (W) of ebonite 
is placed. After firing, the cone is, of course, firmly held, and 
the only effect of internal pressure is more completely to seal the 
aperture. At E is the arrangement for letting the gases escape; 

the small hole E communicates with the chamber where the 

powder is fired, and perfect tightness is secured by means of the 

mitred surface G. When it is wished to let the gases escape, 

the screw E is slightly withdrawn, and the gas passes into the 
passage H. 

At K is placed the “crusher-apparatus” for determining the 
tension at the moment of explosion. 

When it is desired to explode a charge, the crusher-apparatus, 
after due preparation, is first carefully screwed into its place, and 
the hole F closed. The cone in the firing-plug is covered with 
the finest tissue-paper, to act as an insulator. 

The two wires LL, one in the insulated cone, the other in the 
cylinder, are connected by a very fine platinum wire passing 
through a small glass tube filled with mealed powder. Upon 
completing connection with a Danieirs battery, the charge is fired. 

The only audible indication of the explosion is a slight click; 
but frequently, upon approaching the nose to the apparatus, a 
faint small of sulphuretted hydrogen is perceptible. 
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The, difficulties we have met with in using this apparatus are 
more serious than might at first sight appear. 

In the first place, the dangerous nature of these experiiueiits 
rendered the greatest caution necessary, while, as regards the 
retention of the products, the application of contrivances of well- 
known efficacy for closing the joints, such a.s papier^mdchS wads 
between discs of metal (a method which has been successfully 
employed with guns), are inadmissible, because the destruction of 
the closing or cementing material used, by the heat, would 
obviously affect the composition of the gas. Every operation con- 
nected with the preparation of the apparatus for an experiment 
has to he conducted with the most scrupulous care. Should any 
of the screws not be perfectly home, so that no appreciable amount 
of gas can escape, the gases, instantly upon their generation, will 
either cut a way out for themselves, escaping with the violence of 
an explosion, or will blow out the part improperly secured, in 
either case destroying the apparatus. 

The effect produced upon the apparatus, when the gas has 
escaped by cutting a passage for itself, is very curious. If, for 
example, one of the plugs has not been sufficiently screwed honie, 
so that the products of combustion escape between the male and 
female threads, the whole of these threads at the point of escape 
present the appearance of being washed away, the metal having 
been evidently in a state of fusion, and carried over the surface 
of the plug by the rush of the highly-heated products. 

Again, the difficulty of opening the vessel after explosion, when 
large charges have been used, is very great. This will be readily 
understood when the temperature and pressure of explosion are 
considered. The exploding-chamber being filled with products 
intensely heated and under an enormous pressure, there is an 
expansion of the interior surface of the cylinder. Hence small 
portions of the fluid products become forced in between the 
threads of the screws. These solidify into a substance of intense 
hardness, which cements together the metal surfaces, and, on 
cooling, the contraction of the cylinder puts such a pressure on 
the screw, that, in attempting to open it, seizure is very difficult 
to avoid. In one or two cases it was found impossible to open 
the cylinder until melted iron had been run round it, so as to 
cause it to, .expand. ^ 

This difficulty has been in a great measure avoided/in the 
more recent experiments, by making the screws conical, so that 
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when once started clearance is rapidly given, and they are removed 

with comparative ease. 

2. Meamrmimt of Pressure. 

The apparatus used for the measurement of the tension of the 
gas was precisely similar to that which has been used by the 
Committee on Explosives, and consists of a screw-plug of steel 
(Plate X., Pigs. 4 and 5, p. 230), which admits of a cylinder of copper 
or other material (A) being placed in the small chamber (B). The 
entrance to the chamber is closed by the movable piston (C), and 
the admission of the gas is prevented by the use of the gas-check 
(D). When the powder is fired, the gas acts upon the base of the 
piston and compresses the cylinder. The amount of compression 
of the cylinder serves as an index to the force exerted, the rela- 
tion between the amount of crush and the pressure necessary to 
produce it being previously carefully determined. 

3. Measurement of the Volume of the Permanent Gases. 

The apparatus used for the measurement of the permanent gases 
is shown in Plate XL, Figs. 1 and 2 (p. 230). A is a vessel the annular 
space (B) of which is filled with water ; on the surface of this a thin 
film of oil is floated, to prevent any slight absorption of the gas 
which might otherwise take place. 

Immediately after the explosion of a charge, the gas from which 
it is desired to measure, the cylinder (0) containing the products is 
placed on the table (D), and the gasometer (E) is placed over the 
cylinder ; the height of the water on the glass scale (P) being then 
registered, the escape-screw (G-) of the cylinder is turned, by means 
of a turn-cock passing through the stuffing-box (M). 

When the gas has all escaped, the height indicated on the glass 
scale being again registered, the cubic contents are known, and the 
thermometer (H) and height of barometer being noted, the necessary 
data are available for reducing the volume of the gas to a tempera- 
ture of 0° Cent, and a barometric pressure of 760 mm. 

4. Measurement of Heat. 

To determine the heat generated by explosion, a charge of powder 
was weighed and placed in one of the smaller cylinders described^ 
which was kept for some hours in a room of very uniform tempera- 
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turn. When the apparatus was throughout of the same temperature, 
the thermoineter /Was read, the cylinder closed, and the charge 
exploded. . 

Immediately after explosion the cylinder was placed in a calori- 
meter containing a given weight of water at a measured temperature, 
the vessel being carefully protected from radiation, and its calorific 
value in water having been previously determined. 

The uniform transmission of heat through the entire volume of 
water was maintained by agitation of the liquid, and^the thermometer 
was read every five minutes until the maximum was reached. The 
observations were then continued for an equal time to determine the 
loss of heat in the calorimeter due to radiation, etc. ; the amount so 
determined was added to the maximum temperature. 

In this method there is a possible source of error ; the walls of 
the cylinder being of very considerable thickness, it is obvious that, 
although the outer surface of the cylinder must be of the same 
temperature as the water, it by no means follows that this is true of 
the internal surface ; consequently the loss of heat due to radiation, 
etc., may be in some degree compensated by a flow of heat from the 
interior. 

We had reason, from some experiments we made, to believe that 
the error due to this cause was very small ; and our views were con- 
firmed by finding no appreciable rise of temperature on placing some 
water from the calorimeter into the chamber of the cylinder immedi- 
ately after an experiment. 

6. Collection of Gaseous Products, 

To collect the gases for analysis, a small pipe was screwed into the 
escape-passage (H) of the cylinder (Plate X., Pigs. 2 and 3, p. 230), 
and an indianibber tube, terminating in a glass nozzle, was led to a 
mercurial trough. Before the gas was taken, a sufficient quantity 
was allowed to escape to clear the tubes of air ; the gas was then 
collected in tubes over mercury, and confined in the usual manner by 
sealing them with the blowpipe. 

The gas was generally collected in from five to fifteen minutes 
from the time of explosion. Owing to the dangerous nature of the 
experiments, and the precautions necessary to be adopted in explod- 
ing such considerable charges of powder, it was not generally possible 
to collect the gases more rapidly ; but a comparison of the analysis 
of different tubes taken from the same experiment has shown that, 
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at all events within moderate limitS;, no change takes place in the 
composition of the gas by its continued contact with the solid pro- 
.cliicts. 

6. GolUction of Solid Pfoditcis, 

The collection of the solid products presented much more difficulty 
than that of the gaseous products. On opening the cylinder, the 
whole of the solid products were found collected at the bottom, there 
being generally '^an exceedingly thin (in fact, with large charges, 
quite an inappreciable) deposit on the sides. Upon the firing-plug 
there was usually a button of deposit, which differed considerably 
both in appearance and in chemical composition from the rest. In 
the button a crystalline structure was quite apparent, some of the 
crystals being large and transparent. The surface of the deposit was 
generally perfectly smooth, and of a very dark grey, almost black, 
colour. This colour, however, was only superficial, and through the 
black could be perceived what was probably the real colour of the 
surface, a dark olive-green. The surface of the deposit, and the sides 
of the cylinders, had a somewhat greasy appearance, and were indeed 
greasy to the touch. On the smooth surface were frequently observed 
very minute particles, in appearance like soot, but of the greasy 
texture to which we have alluded. 

The removal of the deposit was generally attended with great 
difficulty, as it formed an exceedingly hard and compact mass, which 
always had to be cut out with steel chisels. Lumps would frequently 
break off, but a considerable portion flew off before the chisel in fine 
dust. In various experiments, on examining the fracture as ex- 
hibited by the lumps, the variation in physical appearance was very 
striking, there being marked differences in colour, and also, frequently, 
a marked absence of homogeneity, patches of different colours being 
interspersed with the more uniform shade of the fracture. There 
was no appearance of general crystalline structure in the deposit ; 
but, on examination with a microscope and sometimes with the naked 
eye, shining crystals of metallic lustre (sulphide of iron) were observed. 
On the whole, the general appearance of the deposit was attended 
with such considerable variations, that, for minute details, we must 
refer to the account of the experiments themselves. The deposit 
always smelt powerfully of sulphuretted hydrogen, and frequently 
strongly of ammonia. It was always exceedingly deliquescent, and 
after a short exposure to the air became black on the surface, gradu- 
ally passing over into an inky-looking pasty mass. As in physical 
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appearance, so in behaviour of .the solid, when .removed from the 
cylinder, there were considerable differences between the experi- 
ments. The deposit was transferred to thoroughly dried and warm 
bottles, and sealed up as rapidly as possible. In most cases, during 
the very short time that elapsed while the transference was being 
made, no apparent change took place; but in some a great tendency 
to development of heat was apparent; and in one instance, in which 
a portion of the deposit (exhibiting this tendency in a high degree) 
was kept exposed to the action of the air, the rise of temperature 
was so great that the paper on which it was placed became charred, 
and the deposit itself changed colour with great rapidity, becoming a 
bright orange-yellow on the surface. 

This tendency to heating always disappeared when the deposit 
was confined in a bottle and fresh access of air excluded. 

The portion of the residue which could not be removed from the 
cylinder in a dry state was dissolved out with water, the solution 
being reserved for examination in well-closed bottles. 

(d) ANALYSIS OF THE PRODUCTS OF EXPLOSION. 

1. Gmeous Products. 

The method pursued for the analysis of the gaseous products of 
explosion presented only one important point of difference from that 
pursued by Bunsen and Schischkoff. The volume of gas at command 
being more considerable than was the case in the investigations of 
those chemists, it was found more convenient to have recourse to 
methods for determining the sulphuretted hydrogen differing from 
that which they adopted — namely, its estimation by oxidation of the 
sulphur in the ball of potassium hydrate employed for absorbing the 
carbonic anhydride and sulphuretted hydrogen together. In some 
instances the volume of this gas was ascertained by absorption with 
manganese balls, but generally the following indirect method was 
pursued. The combined volume of carbonic anhydride and sulphu- 
retted hydrogen was determined in one portion of the gas by means 
of potassium hydrate ; another portion of gas was then treated with 
a small quantity of cupric sulphate, and the volume of carbonic 
anhydride determined in the gas thus freed from sulphuretted 
hydrogen. 

The following numerical data relating to the analysis of the gases 
obtained by the explosion of 190*5 grms. of E. L. G. gunpowder (of 
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Waltham- Abbey nianufactiire) in five times its own space, are given 
in illustration of the detailed result obtained 


L 



Volume. 

Tempe- 

rature. 

Volume corrected 
Pressure, for temperature 
and pressure. 

L Original volume of gas . 

144*4 

13*3 

0-7243 

99-80 

2. After absorption of COg 

and SHg 

3. After absorption of oxygen 

78*2 

13-3 

0-6727 

50-16 

76*9 

14*4 

0-6795 

49-64 

4. Volume of original gas after 
absorption of sulphu- 
retted hydrogen . 

11. 

144*2 

14*2' 

0-7293 

99-97 

5. After absorption of CO^ . 

82*2 

16*3 

0-6672 

51-76 

6, After absorption of oxygen 

80*6 

18*8 

0-6735 

50-79 

7, Portion of 3 transferred to 
eudiometer . 

III. 

174*8 

15*4 

0-1983 

32-81 

8.* After addition of air 

248*4 

15*5 

0-2712 

63-75 

9. After addition of oxygen . 

319*5 

15*6 

0-3427 

103-68 

10. After explosion with oxy- 
hydrogen gas 

310*8 

15*8 

0-3302 

97-02 

11. After absorption of COg . 

291*6 

18*3 

0-3271 

89-39 

12. Portion of 11 transfeiTed 
to clean eudiometer 

301*5 

18*6 

0-3141 

88-66 

1 3. After addition of hydrogen 

550*8 

18-9 

0-5642 

290-85 

14. After explosion (dry) 

416*0 

18*8 

0-4295 

167-16 


By calculation from the above data, the composition of this gas^ 
in volumes per cent., was found to be as follows : — 


Carbonic anhydride 

46-17 

Sulphuretted hydrogen 

3-91 

Oxygen 

0-6-2 

Carbonic oxide 

11-46 

Marsh-gas . 

0-03 

Hydrogen . . . 

. . 2-72 

Nitrogen 

35-18 


* Air was added to dilute the gas in this and one or two subsequent explosion 
experiments ; but this precaution was found to be unnecessary, and was therefore 
not continued. 
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The gas in each experiment was generally collected in three or 
four large tubes. The contents in one tube sufficed, in most in- 
stances, for the complete analysis; but the results obtained were 
always controlled by determinations of several, if not of the whole, of 
the constituents in the contents of another tube. Only in one in- 
stance were the contents of different tubes, collected from one and 
the same experiment, found to differ materially in composition; in 
this particular instance the proportion of sulphuretted hydrogen in 
the different tubes was discordant. The mean of thecesults furnished 
by the contents of the three tubes was taken to represent the com- 
position of the gas. 

2. Solid Residue, — Preparation of the Residue for Analysis, 

The residue, as collected for analysis, consisted of one or more 
large masses, besides a quantity in a more or less fine state of 
division which had been detached from the sides of the vessel. The 
appearance presented by the large pieces themselves indicated that 
they were by no means homogeneous, and they evidently differed in 
some respects from the smaller particles just referred to ; moreover, 
the foreign matters (metal and glass) could not be expected to be 
uniformly distributed throughout the mass, and a chemical examina- 
tion of the latter clearly indicated that certain constituents existed in 
different proportions in the upper and lo’wer parts of the residue. 
Eor these reasons, in order to ensure the attainment of results 
correctly representing the composition of the residue, it appeared 
indispensable to operate upon the entire quantity at one time, with 
the view of determining the total amount of matter insoluble in 
water, and of preparing a solution of uniform composition in which 
the several components of the residue could be estimated. As the 
investigation proceeded, much inconvenience and delay were experi- 
enced from the necessity of working with very large quantities (from 
400 to 100 grins.), which rendered the filtrations and washings pro- 
tracted operations, and necessitated dealing with very large volumes 
of liquid. It was therefore attempted to expedite the examination of 
the residues by so preparing them that only portions might be 
operated upon at one time in conducting the individual deter- 
minations of the constituents. The impossibility of pulverising 
and mixing the residue by any ordinary mode of proceeding, bn 
account of the rapidity with which oxygen and water were absorbed 
from the air, was demonstrated by two or three attempts. An 
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arrangeinoEt was therefore devised for performing the operation in an 
atinosphere of pure nitrogen. The gas employed was prepared in the 
following manner : — 

A gasometer filled with air was submitted to a gentle pressure 
causing the air to flow very slowly through a delivery-pipe to a 
porcelain tube filled with copper turnings and raised to a red heat. 
To remove any traces of oxygen, the nitrogen passed from the tube 
through two Woulfe’s bottles containing pyrogallic acid dissolved in a 
solution of potamsium hydrate; and, finally, to remove moisture, it 
passed through two U-tubes filled with pumicestone moistened with 
sulphuiuc acid. The nitrogen thus obtained was collected in india- 
rubber bags ; the residue was placed in a closed mill, connected by 
an indiarubber tube with the gas-bag, which was subjected to a 
considerable pressure to establish a plenum in the mill. The substance 
was then ground, and allowed to fall into bottles, which were at once 
sealed. By this treatment a sufficient degree of uniformity in 
different samples of any particular residue was generally attained ; 
in some cases, however, the state of division of the substance was 
not sufficiently fine to secure such intimacy of mixture as would 
preclude the occurrence of discrepancies in the analytical results 
furnished by different samples. It was therefore found necessary to 
return occasionally to the employment of the entire residue obtained 
in one experiment for determining its composition. 

3. Analysis of the Solid Residue. 

Qualitative analysis indicated that the proportions of the following 
substances had to be determined in the solid residue. 

a. Fortion insoluble in loater , — This consisted of steel (unavoidably 
detached from the interior of the vessel during removal of the 
residue) and of small quantities of other metals, besides glass, which 
were used in the construction of the electric igniting arrangement. 
The weight of these substances was deducted from the residue, as 
foreign to the research. 

In addition to these substances, the residue insoluble in water 
contained generally traces of charcoal, besides sulphur, which was 
combined with iron and portions of the other metals, and the amount 
of which is included in the statement of results as free sulphur, 
together with the proportion which was found, in combination with 
potassium, in excess of the amount required to form the mono- 
sulphide. 
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l. Portion soluUe in water.— In this, the chief portion of the 
residue, there existed the potassium sulphide, sulphocyauate, 
hyposulphite, sulphate, carbonate, and nitrate, besides ammonium 
carbonate, and, in very exceptional cases, potassium hydrate. The 
estimation of the proportions in which these several constituents 
existed in the residue was conducted as follows: — 

n Water contained in the residtie. — It is obvious that the highly 
hygroscopic nature of the powder-residue rendered it impossible to 
transfer the product of an explosion from the iron cylinder to suitable 
receptacles for its preservation out of contact with the atmosphere 
without some absorption mf moisture, however expeditiously the 
operation was performed. Moreover, any water produced during the 
explosion, or pre-existing in the powder, would necessarily be retained 
by the solid residue after explosion, as the gas remained in eoiitacb 
with a large surface of this powerful desiccating agent for some tiiiio 
before it could be collected. In some instances the water was 
expelled from the residue by exposing it for some time to a slow 
current of hydrogen at 300° Cent., the gas and volatile matters being 
passed into solution of lead acetate, for the purpose of retaining 
suljphur, and the weight of the dried residue determined. The 
amount of residue, however, was generally too considerable for this 
operation to be satisfactorily performed; there was therefore no 
alternative in such cases but to assume that the difference between 
the total weight of the residue and the combined weights of its 
several solid constituents, ascertained in almost every instance by 
duplicate and check determinations, represented the amount of water 
present in the substance.^ 

d. Separation of the poidion insoluble in water ^ and determination 
of sulphur in it . — The separation was accomplished by thoroughly 
washing the entire residue, or about 7 grms. of the ground residue, 
with well-boiled water until no discoloration was produced in the 
washings by lead acetate. Boiled water was employed to avoid 
oxidation of any of the constituents. After drying and washing the 
residue, it was introduced, with its filter, into a small flask ; a little 
potassium bichromate w^as added before addition of nitric acid, to 
guard against violent reaction and the possibility of minute quantities 
of sulphur escaping as sulphuretted hydrogen. The oxidation was 
completed by the addition of potassium chlorate; the liquid, after 

* If discrepancies existed between the results of determination of the several 
constituents and the check-determinations, the water was estimated, as described, 
in a portion of the residue. 
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suflBcienit dilution, was filtered and evaporated, tlie residue redis- 
solved in water, with addition of chlorhydric acid, and the sulphuric 
acid determined in the solution by the usual method. 

The propoTtion of chdrcoal contained in the insoluble residue 
was, in most instances, so small that no importance could l)e 
attached to any attempt to determine the quantity. In a few 
cases its amount was determined by combustion. 

a Potassium monosulpMde , — The method pursued differed but 
very slightly fsom that adopted by Bunsen and Schischkoff. The 
aqueous solution, separated from the insoluble portion, was digested 
with pure ignited cupric oxide in a well-closed flask, with occa- 
sional agitation, until it became colourless. The oxide containing 
sulphide was then filtered off, thoroughly washed, and the sulphur 
was determined in it by oxidation according to the method just 
described {d). 

f. Potassium sulphate . — The filtrate obtained after the treat- 
ment with cupric oxide just described (or a measured quantity of 
it, if the entire residue was operated upon at one time) was 
mixed with chlorhydric acid and boiled to expel the sulphurous 
acid resulting from the decomposition of hyposulphite; the liquid 
was then separated by filtration from liberated sulphur, and the 
sulphuric acid determined as barium sulphate. 

g. Potassium hyposulphite . — The solution obtained by treatment, 
as above described, of about 4 grms. of the residue (or a sufficient 
volume prepared from the entire residue) was acidulated with 
acetic acid; 3 or 4 c.c. of starch solution were added, and the 
hyposulphurous acid determined by means of a standard iodine 
solution. 

h. Potassium sulphocyanate.- — solution of the residue, after 
separation of the insoluble portion and the soluble sulphide, was 
carefully acidified with a measured quantity of dilute chlorhydric 
acid, so as to avoid separation of sulphur. The oxidation of the 
hyposulphite was then effected by the gradual addition of a very 
dilute solution of ferric chloride until the liquid exhibited a 
permanent pink tint, A measured quantity of the ferric solution 
was afterwards gradually added until the greatest attainable depth 
of colour was produced. To determine what was the amount of 
sulphocyanate thus arrived at, a volume of water corresponding 
to that of the original solution tested was mixed with equal 
volumes of the dilute chlorhydric acid and ferric chloride to those 
used in the previous experiments. A solution of potassium sulpho- 
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cyanate of known strength was then gradually added nntil a depth 
of colour corresponding to that of the actnal assay was produced. 

i. Fotassium carbonate . — ^After the usual treatment of a solution 
of the residue with cupric oxide, pure manganous sulphate or chloride 
was added to the liquid in excess; the resulting precipitate might 
generally be washed by decantation in the first instance; after 
complete washing it was transferred to a small flask suitably 
fitted for the liberation of carbonic anhydride from it, by addition 
of sulphuric acid, and for the transmission of the gas through 
small weighed absorption-tubes containing respectively sulphuric 
acid, calcium chloride, and solution of potassium hydrate. The 
increase in weight of the latter corresponded to the proportion of 
carbonic anhydride in the solid residue. 

j. Fotassmm mlfhicLe^ potassium Garbo7iate, and ])otasBium hydrate. 
— Pure manganous chloride or sulphate was added in excess to the 
aqueous solution of the residue, and the amount of manganese, in 
the thoroughly washed precipitate, determined as red oxide. If 
the amount obtained exceeded those which would be furnished by 
the potassium sulphide and carbonate (deduced from the previous 
determinations), the excess was taken to correspond to potassium 
hydrate existing in the residue. If it was less, the sulphur exist- 
ing as monosulphide of potassium was calculated from the weight 
of the manganous oxide, and the difference between it and the 
sulphur found in the cupric oxide (in determination e) was taken 
to represent excess of sulphur, or free sulphur, and was added to 
the result of determination d, the necessary correction being made 
in the number furnished by determination e. 

k Total amount of potassium . — The solution of the residue, after 
treatment with cupric oxide, was evaporated with excess of sulphuric 
acid, and the residue repeatedly treated with ammonium carbonate 
and ignited, until the weight of potassium sulphate was constant. 
Or water and sulphuric acid were added to about 4 grms. of the 
residue, and after boiling to expel sulphurous acid, two or three 
drops of nitric acid were added to peroxidise the little iron in 
solution and excess of ammonia to precipitate the latter. The 
precipitate and insoluble matters (glass, etc.) were then filtered off, 
and the solution evaporated, the weight of potassium sulphate being 
ascertained by treatment of the residue as already described. In 
this way the amount of potassium arrived at indirectly, by the 
determinations of the several substances with which it existed in 
combination, was controlled by direct estimation. 
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l, AmnothiuM sesquicarhonate . — ^The solution of about 12 grins, 
of the residue was diluted to 1 litre; the liquid was then 
carefully distilled until about 250 c.c. remained in the retort, 
the distillate being allowed to pass into dilute chlorhydrie acid. 
As some minute quantities of potassium salt might have passed 
over, the distillate was returned to a retort, mixed with excess of 
sodium carbonate and again distilled, the product passing into 
dilute chlorhydrie acid. This second distillate was evaporated, 
and the ammonium determined as platinum salt with the usual 
precautions, the weight of the latter being controlled by ignition 
and determination of the weight of the platinum. 

m. Potassimi nitrate . — The portion of solution remaining in 
the retort, after the first distillation above described, was acidified 
with sulphuric acid; a piece of thin sheet zinc was then placed in 
the liquid and allowed to remain for a week, a small quantity of 
sulphuric acid being occasionally added. After the lapse of that 
time the zinc was removed, and the ammonia produced from any 
nitrate existing in the liquid was determined exactly as at 7- 

(e) COMPOSITION OF THE GUNPOWDERS EMPLOYED. 

The method pursued in determining the proportions of proximate 
constituents in the samples of gunpowder present but very few 
points of difference from those ordinarily adopted, and need 
therefore not be detailed. 

It may be mentioned, however, with reference to the deter- 
mination of the proportion of saltpetre, that a very appreciable 
amount of the most finely-divided particles of the charcoal generally 
passes through the filter during the final washings, however care- 
fully the operation be conducted. 

These last washings, which contain only a very small proportion 
of the saltpetre, were therefore evaporated separately, and the 
residue was carefully heated until the small quantity of charcoal 
was completely oxidised. , The resulting carbonate was then con- 
verted into nitrate by careful treatment with dilute nitric acid, 
and the product added to the remainder of the saltpetre previously 
extracted. 

The composition of the charcoal contained in the powders was 
determined by combustion, after as complete a separation of the 
other constituents as possible. There was, of course, no difficulty 
in completely extracting the saltpetre; but the sulphur cannot be 
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entirely removed ; from the charcoal by digestion anci repeated 
washings with pure carbon disulphide. The amount remainmg 
was therefore always determined by oxidation of the charcoal, and 
estimation of sulphuric acid produced; the necessary correction 
thus arrived at was made in the amount of charcoal used for 
analysis. The latter was dried by exposing it for some time (in 
the platinum boat in which it was to be burned) to a temperature 
of about 170^ in a current of pure dry hydrogen; it was allowed 
nearly to cool in this gas, and dry air was then passed over for 
some time, the boat being afterwards rapidly transferred to a 
well-stoppered tube for weighing. The dried charcoal was burned 
in a very slow current of pure dry oxygen, the resulting products 
being allowed to pass over the red-hot cupric oxide, and finally 
over a layer of about 8 inches of lead chromate, heated to incipient 
redness. The efficiency of this layer in retaining all sulphurous 
acid was fully established by preliminary test experiments. 

The following tabular statement (Table 2, p. 128) gives the per- 
centage composition of the five samples^ of gunpowder employed 
in these investigations as deduced from the analytical results. 

In every instance at least two determinations were made of each 
constituent, the means of closely concordant results being given in 
the table. 

This table also includes the results of analysis by Bunsen and 
Schischkoff, Karolyi, Liiick, and Federow, of the gunpowders 
employed in their experiments. 

It will be seen that the several English service-powders of 
Waltham- Abbey manufacture did not differ from each other very 
importantly in composition ; the most noteworthy points of difference 
are the somewhat low proportion of saltpetre in the F. G-. powder 
and the slightly higher proportion of carbon in the pebble-powder. 

The charcoals contained in these powders presented some decided 
differences in composition, as is shown by the following comparative 
statement : — 



Pebble. 

R. L. G. 

R. F. G. 

F.G. 

Carbon 

85*26 

80-32 

75-72 

77*88 

Hydrogen . 

2*98 

3-08 

3-70 

3-37 

Oxygen 

10-16 

14-75 

18-84 

17-60 

Ash . , . 

1-60 

1-85 

1-74 

1*15 


* The authors are indebted to Colonel C. W. Younghusband, R.A., F.R.S.9 the 
Superintendent of the Waltham-Abbey Gunpowder Works, for having selected and 
furnished to them the samples of English gunpowder employed in their investiga- 
tions. , 



Table 2, — Results of Analysis of Gunpowders employed in these investigations ^ and of those tised hy 

other Investigators. 
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This is the only analysis of powder, by foreign investigators of the subject, in which the proportion of water, existing as 

a constituent of the powder experimented wnth, is given, 
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The charcoal in the P. powder is somewhat more highly burned 
than that in the E. L. G-., and decidedly more than the F.G, char- 
coal; that contained in the E. E. G. powder is prepared from a 
different wood to the others, which is known to furnish a compara- 
tively quick-burning charcoal. Although, however, the charcoals 
themselves differ very decidedly from each other, it will be seen 
that the percentages of carbon in the gunpowders do not present 
great differences, the widest being between the P. and E. F. G. 
powders. » 

The Spanish spherical pebble-powder was specially selected frojii 
various other foreign powders for purposes of experiment, on account 
of the comparatively wide difference presented in composition between 
it and the English powders, the proportion of sulphur being high, 
and that of carbon being low. The charcoal in this powder (made 
from hemp) had the following percentage composition : — 


Carbon 


76*29 

Hydrogen . 


3*31 

Oxygen 


14*87 

Ash 

, 

5*53 


The proportions of carbon and hydrogen are therefore similar 
to those existing in the F. G. powder ; but the amount of ash in the 
hemp-charcoal is very high compared to that contained in the 
charcoals from light woods used generally in the manufacture of 
gunpowder. 

Ail the powders used by the recent foreign experimenters differed 
very decidedly both from each other and from the powders employed 
by us. The sporting-powder of Bunsen and Sehischkoff, and 
Karolyi’s small-arm powder, were of very exceptional composition, 
while the Eussian powder used by Federow was the only one resem- 
bling our service-powders in composition. 

(/) EXAMINATION OF THE ANALYTICAL EESULTS. 

Table 3 gives the composition in volumes per cent, of the gases, 
and the percentage composition of the solid products furnished by a 
number of experiments with the different gunpowders, the charges 
exploded having occupied various spaces in the explosion-chambers. 
This table also includes the results obtained by other recent experi- 
menters in the analytical examination of the products of explosion of 
gunpowder. (See p. 130.) 


I 
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Table 3. — Showing the analytical results obtained 


' ''40 ■' 


Percentage composition by volume of the gas. 

:S 

... 'C 

■ Ck 

‘d 

o 

■ 1 ", 

Description of experiment. 

Carbonic 

anhydride. 

Carbonic 

oxide. 

Nitrogen. 

Sulphhydric 

acid. 

Marsh-gas. 

Cl 

faO 

1 

Oxygen. 

, : :8 

Febble-powder, Waltham-Abbey make, 
the space occupied by the charge in 
the chamber being about 10 p.c. 

46-66 

14*76 

32-75 

3-13 


2-70 


7: 


44-78 

16-09 

31-31 

4-23 


3*59 


9 

30 „ 

47-03 

15-51 

31-71 

2*90 


2-84 


12 

„ „ ,, 40 „ 

49-52 

13*95 

32-16 

1-70 

0-32 

2-35 


14 

„ 50 „ 

49-82 

13-36 

32-19 

1-96 

0-68 

2-08 


37* 

„ „ „ 60 „ 

49-48 

13-75 

31-83 

2-24 

0-55 

2-15 



,, 70 „ 

49-98 

12*51 

32-08 

3-18 

0*35 

1-95 


43 

„ 80 „ 

51-54 

11-88 

32-61 

1-96 

0-34 

1-67 


77* 

,, ,, ,1. 90 

51-75 

10-87 

32-72 

2-13 

0-68 

1-85 


1 

E.L.G. powder, Waltham-Abbey make, 
proportion of space occupied by the 
charge in the chamber. . .about 10 p.c. 

48-99 

8-98 

35-60 

4-06 

0-29 

2*07 


3 

„ „ „ 20 „ 

46-56 

11-47 

35-13 

3-58 

0-07 

2*62 

0-57 

4 

SI 11 11 80 ,, 

49.34 

11-60 

32-96 

3-11 


2-98 


11^ 

„ „ „ 

52-05 

10-89 

34-23 

1-93 

0-ks 

2-47 


t70* 

11 11 11 50 ,, 

47-21 

17-04 

30-29 

1-61 

0-84 

3-01 


39 

11 11 11 60 1, 

50-22 

13-93 

31-74 

1*62 

0-35 

2-14 


41* 


49-74 

13-38 

31-95 

2-85 

0-55 

1-58 


44 

11 11 11 80 1, 

51*62 

12-16 

32-16 

1-56 

0-77 

1-72 


68 

11 11 11 00 ,, 

52*65 

10-73 

32-64 

1-90 

0-81 

1-27 


16 

Fine-grain powder, Waltham-Abbey 
make, proportion of space occupied 
by the charge in the chamber 

about 10 p.c. 

44-76 

t 


2-26 



0-15 

17 

11 *20 „ 

47-41 

12-35 

32-k 

3-76 


4*13 


18 

11 11 11 30 11 

50-45 

11-33 

32-22 

2-21 


3-51 

0*28 

19* 

11 11 11 40 ,, 

51-79 

10-31 

32-54 

2-00 


3-36 


75 

„ 50 „ 

51-04 

10-38 

33-15 

2-20 

0-27 

2-96 


40* 

11 11 11 60 ,, 

52-00 

9-60 

33-28 

2-26 

0-18 

2-68 


42 

11 11 11 /O ,, 

53-02 

7-91 

34-26 

2*03 

0-50 

2-13 

0*15 

47 

11 80,1 

51*80 

8*32 

34-64 

2-61 

0-41 

2-04 

0-18 

69 

11 11 11 90 ,, 

53-34 

7-71 

33-81 

2-95 

0-16 

2-04 


78 

R. F.G. powder, Waltham-Abbey make, 
proportion of space occupied by the 
charge in the chamber. . .about 70 p. c. 

52*4 

8-86 

34-51 

1-60 

0-12 

2-51 


79* 

Spanish spherical powder 70 p.c. 

53-34 

4-62 

37-80 

2-74 


1-29 

0*21 


Experiments hy Foreign Chemists. 
Bunsen and Schischkoff, sporting- 
powder 

52-69 

3-88 

41-12 

0-60 


1-21 

0-52 


Karolyi, Austrian cannon-powder 

42-74 

10-19 

37-58 

0-86 

2-70 

5-93 



11 11 small-arm powder.. 

48-90 

5-18 

35-33 

0-67 

3-02 

6-90 



Linck, Wiirtemburg war-powder 

52-14 

4-33 

34-68 

7-18 


1-63 

0-04 


F ederow’s Russian war-powder. . . 

3 lb. fired in 9 R. gun , residue collected 
„ Residue collected by firing pistol 
with blank cartridge in a long 
glass tube 









* The analyses marked * added February 1875. 

J In this experiment the powder was exploded by detonation. 
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Percentage composition by weight of the solid residue. 


*2' ■' 

-p 

Potassium 

carbonate. 

potassium 

sulphate. 

Potassium 

hyposulphite. 

Potassium 

mouosulphide. 

Potassium 

sulphocyaiiate. 

Potassium 

nitrate. 

Potassium 

oxide. 

33 

ss 

■s| 

I? 

S'3 

M a* 

« 

sc 

1 

Charcoal. 

Proportion by we 
of total gaseou 
products. 

^11 

ill' 

O' 

p 

56-50 

15-02 

20-73 

7-41 

0-09 

0-48 


0-16 

0*61 

trace 

43*88 

56-12 

57-47 

13-72 

3-71 

18-07 

0-06 



0-09 

6*88 


44-05 

55 ‘96 

59*43 

12-61 

4-32 

16-51 

0-21 

0-03 


0-17 

6*72 

trace • 

44-26 

55*74 

55-22 

13-20 

14-08 

9-70 

0*24 

0-09 


0-07 

6*06 

1*35§ 

43-02 

56*98 

56-15 

11-93 

6-12 

19-12 

0-23 

0*20 


0*08 

6*17 

trace 

44-83 

55-17, , 

57-52 

13-47 

9-95 

11-47 

0*35 

0*31 


0-06 

6*87 


43-62 

56-38 

50-20 

12-78 

32-18 

2-23 

0*38 

0*24 


0*06 

1-93 


42-65 

57*35 

58-85 

10-33 

20-69 

3-90 

0-28 

0*31 


o-os 

5*38 


43-00 

57-00 

64-20 

9-13 

13-27 

3-83 

0-57 

0*43 

... 

0-12 

8*45 


42-67 

57-33 

52-56 

20-47 

20-37 

4*02 

trace 

0*56 


0-06 

1*25 

0-71 

42-78 

57-22' 

54-66 

24-09 

5*75 

9-56 

0-05 

0*12 


0-06 

5*69 

0-02 

42*77 

57-23 

52-40 

24-22 

12-85 

5-86 

0-05 

0*03 


0-04 

4*55 

trace 

42-42 

57-58 

48-68 

22-87 

24-06 

2-02 

0-16 

0*12 


0-04 

2*05 


42-02 

57 -9S 

60-65 

4*64 

25-33 

3*55 

0-29 

0-50 


0-10 

4*94 


41-96 

58-04 

63-82 

10-98 

6-48 

9-92 

0-26 



0*11 

8*43 

trace 

43-05 

56*95 

60-27 

10-52 

18-60 

3-84 

0-49 

6*43 


0*08 

5*77 


42-44 

57 *56 

66-51 

8-81 

3-08 

9-05 

0-25 

0-17 


0-10 

12*03 

trace 

42*59 

57-41 

65-71 

8-52 

8-59 

7-23 

0-36 

0-19 


0-18 

9*22 


42-86 

57*14 

49-29 

17-86 

23*76 

3-43 

trace 

0-20 

5-39 

0-07 

traces 

trace 

il'BZ 

58% 

59-39 

24-22 

5-30 

5-12 

0-02 

0-08 


0-15 

5*72 

trace 

44-88 

21-77 

28-h 

3*37 

6-67 

0-09 


6-64 

i*i7 


41-76 

58% 

56-01 

20-72 

13-42 

4-34 

0*07 

0-09 


0*08 

5*27 


41-89 

58*11 

41-88 

22-21 

31-92 


0-16 

0-17 

3-k 

0-01 

0-44 

trace 

42-00 

58-00 

43-03 

21-00 

32-07 


0-23 

0-19 

2-98 

0*03 

0-47 

trace 

! 41-92 

58-08 

43-63 

21-13 

34-61 


0*24 

0-26 


0-04 

0*09 

... 

1 41-50 

58-50 

50-64 

18-36 

25-87 

2-66 

0-25 

0*26 


0*03 

1-93 


42-20 

57-80 

58*94 

21-89 

8-15 

4-22 

0-04 

0-06 


0*06 

6-65 

trace 

41*52 

58-48 

34-97 

47-62 

7-60 

3-17 

0-04 

0-93 

Potas- 

sium 

hydrate 

0*04 

5-63 


37-8h 

62-19 

27*02 

56-62 

7-57 

1-06 

0-S6 

5-19 

1-26 



0-97 1 

31*38 

68-06 

28-02 

53*37 

4-11 

0-15 




3*87 

6-78 

3-70 



31*90 

55*53 

2-71 





4*09 

1-78 

3-99 



23-97 

45-06 

14 -96 

5-82 

1-80 

1-87 


3*18 

0*48 

2*86 

35*51 

64-15 

37-00 

15-00 

8-28 

38*19 

0-33 




0-09 




36-20 

15-15 

7-44 

39-55 

0-33 


... 


0-09 

1-02 



23 -44 

48*25 

16-53 

0-97 

0*54 

5-81 


... 

4-30 

4*08 




t About 16 p.c. ; this analysis was interrupted accidentally. 
§ Foreign matter, etc., not estimated. 
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Table L-^-Showing the composition hy weight of the 


No. of experiment. 

Nature of powder. 

|| 

*s 1 

2 § 

0 ® 

Pressure of explosion 
in tons ijer sq. incli. 

Proportion by weight 
of solid products. 

Proportion by weight 
of total gaseous 
products. 

Proportions by weight 

" 


Ki-SaOjj 

KjjSO, 

K^S. 

KCNS. 

KNOs 

.8 , 

Pebble 

*10 

1-3 

•5612 

•4388 

•3115 

•1163 

•0843 

*0416 

• 0005 " 

■0027 

1 

R. L. G. 

•10 

1*6 

*5722 

•4278 

■3007 

•1166 

■1171 

•0230 

•0000 

•0032 

16 

F. G. « 

*10 

1*7 









7 

Pebble 

•20 

2*9 

•5596 

•4404 

•3216 

•0208 

■0768 

•1011 

•0003 


3 

R, L. G. 

•20 

2*7 

■5723 

•4277 

•3128 

•0329 

■1378 

■0547 

•0003 

■0007 

17 

F. G. 

•20 

3-7 

•5817 

•4183 

•3454 

•0308 

•1409 

•0298 

■0001 

•0005 

9 

Pebble 

•30 

4-9 

•5574 

•4426 

•3312 

•0241 

•0703 

•0920 

•0012 

•0002 

4 

R. L. G. 

*30 

6-4 

■6758 

•4242 

■3017 

■0740 

•1395 

■0337 

•0003 

•0002 


F. G. 

•30 










12 

P. 

•40 

9*1 

•5698 

•4302 

•3146 

•0802 

■0752 

•0553 

■0014 

•0005 

11* 

R. L.G. 

*40 

8*1 

■5790 

•4210 

•2819 

•1393 

•1324 

■0117 

•0009 

■0007 

19* 

F. G. 

•40 

9-9 

•5824 

■4176 

•2615 

•1666 

•1268 

•0196 

•0004 

•0005 

14 

P. 

•50 

12*2 

■5517 

•4483 

•3098 

•0338 

*0658 

•1055 

•0013 

•0011 

t70* 

R. L. G. 

•50 

10-7 

•5804 

•4196 

•3520 

•1470 

*0269 

•0206 

•0017 

■0029 

75* 

F. G. 

*50 

10*2 

•5811 

*4180 

•3255 

•0780 

*1204 

•0252 

•0004 

•0005 

37* 

P. 

•60 

14*8 

•5638 

•4362 

•3245 

•0561 

*0759 

•0647 

•0019 

•0017 

39 

R. L. G. 

•60 

14-4 

•5695 

•4305 

•3635 

•0369 

•0625 

•0565 

•0015 


40* 

F. G. 

*60 

14*1 

•5800 

•4200 

•2429 

•1851 

•1288 


•0009 

•0010 

79* 

Spanish 

•70 

17*0 

•6219 

•3781 

•2175 

•0473 

•2962 

•0197 

•0003 

•0058 

38* 

P. 

*70 

18*6 

•5735 

•4265 

•2879 

•1845 

' *0733 

•0128 

*0022 

*0014 

41* 

R. L. G. 

•70 

19*5 

•5756 

•4244 

•3470 

•1070 

•0606 

•0221 

•0028 

•0024 

42 

■; F. G. 

*70 

18*2 

•5808 

•4192 

•2499 

•1863 

•1220 


•0013 

•0011 

' 78^ 

E. F. G. 

•70 

18*9 

*5848 

•4152 

•3447 

•0477 

•1279 

•0247 

•0002 

•0004 

43* 

P. 

*80 

28-6 

•5700 

•4300 

•3354 

•1179 

•0589 

•0222 

•0026 

•0018 

44 

E. L. a 

•80 

24*4 

•5741 

•4259 

•3818 

•0177 

•0506 

•0519 

•0014 

•0010 

m 

F. G. 

•80 

27*1 

*5850 

•4150 

•2553 

•2025 

•1236 

... 

•0014 

•0015 

: 

, P. 

•90 

31*4 

•5733 

‘4267 

•3680 

•0761 

•0523 

•0220 

•0033 

•0025 

68 

R. L. G. 

•90 

35*6 

•5714 

•4286 

•3755 

•0491 

•0487 

•0413 

•0021 

•0011 

69* 

F. G."' 

•90 

27*2 

•5780 

•4220 

•2927 

•1495 

•1061 

•0154 

•0014 

•0015 







K2CO3 

KsSj-O., 

K„SC\' 

,K,S. 

KCNB. 

KNO-t 


^ The analyses marked * added February 1875. 



products of eomhmtmn of 1 gramme oj- Fired Gunpowder, 13^ 


of solid prodncts. 




Proportions by weight of gaseous products. 


. 

® ■ 

0 'ts'S 

03 5 ^ 




Not 








!3 d S 

.g S es 

(NHJXO-j 

c. 

B’ree S. 

esti- 

mated. 

SH„ 

0. 

GO. 

CO2 

CH^ 

H. 

N. ■ 


*0009 


•0034 


•0134 


*0519 

•2677 


•0007 

•1161 

•281 

”0003 

•0072 

•0041 

... 

•0041 


•0303 

•2597 

•0006 

•0005 

ft 

•1201 

269 ' ' 

•0005 


*0385 


•0184 


•0575 

•2517 


•0009 

•1119 

285 

•0004 

•0001 

*0326 


•0149 

•0022 

•0393 

•2504 

•0001 

•0006 

•1202 

272 

•0009 


*0333 


•0154 


•0416 

•2512 


•0010 

•1091 

267 

•0007 


•0375 


•0125 


*0550 

•2620 


•0007 

•1124 

283 

•0002 


*0262 


•0127 


*0390 

•2610 


•0007 

•1108 

268 

-0004 


•0345 

•0077 

•0070 


*0475 

*2650 

•0006 

•0006 

•1095 

279 

•0002 


•0119 


•0078 


*0360 

•2624 

*0005 

•0006 

•1137 

265 

•0002 


•0068 


•0080 


•0339 

•2678 


•0008 

•1071 

262 

-0004 


•0340 


•0084 


•0473 

•2770 

•0012 

•0005 

•1139 

282 

•0006 


•0287 


•0066 


•0563 

•2522 

•0016 

•0007 

•1022 

269 , 

o 

o 

o 


•0306 

i 

... ) 

•0088 

... 

•0343 

*2650 

•0005 

•0007 

•1096 

263 

-0003 


•0387 


■0094 


•0474 

•2681 

•0011 

•0005 

•1097 

275 

-0006 


•0480 


•0067 


•0472 

•2677 

•0007 

•0005 

•1077 

270 

•0186 

trace 

•0026 

•0186 

•0090 


•0316 

•2689 

•0003 

•0006 

•1096 

258 

•0002 


•0350 


•0097 

•0007 

•0134 

•2440 


•0003 

•1100 

232 

•0003 

... i 

•0111 


•0129 


•0419 i 

•2630 

*0007 

•0005 

•1075 

268 

•0001 


•0332 

K2O 

•0115 


•0446 

•2604 

•0011 

•0004 

•1064 

267 

-0002 


•0027 

•0173 

•0081 

•0006 i 

•0258 

•2718 

•0009 

*0005 

•1117 

■ 260 

-0005 


•0389 


•0063 


•0287 

•2673 

•0002 

•0006 

1 -1120 

1 259 

-0005 


•0307 


•0080 

1 

•0399 

•2717 

•0006 

•0004 

1 -1094 ''■ 

269 

-0006 


•0691 


•0063 


•0405 

•2702 

•0014 

•0004 

•1071 

268 

-0002 


•0005 


•0102 

•0007 

•0270 

•2637 

•0008 

■0005 

•1121 

259 

-0007 


•0484 


•0086 


•0362 

•2710 

•0013 

•0005 

•1090 

266 

•0009 


•0527 


•0077 


•0356 

•2750 

•0015 

•0003 

•1085 

268 ; 

•0002 


•0112 


■0017 


•0252 

•2738 

•0003 

•0005 

•1105 

' 254 " .. 


0. 

s. 

" ■ 

SHa 

0 . 

CO. 

CO3 

OH* 

H. 

.N.. ' 



t In this experiment the powder was exploded by detonation. 
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Table 4, pp. 132 and 133, shows the composition by weights of the 
products of combustion furnished by 1 grm. of gunpowder under the 
different circumstances of our experiments. The complicated nature 
of the analysis of these products has rendered it impossible to com- 
plete the examination of the entire series furnished by our experi- 
ments ; we trust, however, at a future time to fill up the blanks * 
remaining in this tabular statement. 

A comparison of the analytical data furnished by our examination 
of the products of explosion of gunpowder with those obtained by 
Bunsen and Schischkoff and other recent investigators of this subject, 
points to the following principal differences in the results arrived 
at : — , 

As regards the gaseous products : the proportion of carbonic oxide 
is considerably lower in Bunsen and Schischkoff’s analysis and in one 
of Karolyrs than in the results obtained by us ; this might, in the 
case of Bunsen and SchischkofPs results, be ascribed to the fact that 
the proportion which the saltpetre bears to the carbon in the English 
powder is lower than in the powder used by them, and that the pro- 
portion of sulphur is also lower. The Austrian cannon-powder 
employed by Karolyi, which is not widely different from the English 
cannon (R. L. G-.) powder, as regards the proportion of saltpetre and 
carbon, though containing a higher proportion of sulphur, furnished 
amounts of carbonic anhydride and carbonic oxide more nearly 
approaching those obtained with the English powder at a low pres- 
sure. But the other (small-arms) powder used by him furnished 
almost as low an amount of carbonic oxide as obtained by Bunsen 
and Schischkoff, although the proportion of saltjaetre to the carbon in 
this powder was about the same as in the other used by him. This 
result may be ascribable to the smaller proportion of sulphur existing 
in the former. The Wtir tern burg powder used by Linck, which was 
made apparently with a very highly burned charcoal, but contained 
a similar proportion of saltpetre to the English powder and a high 
proportion of sulphur, also furnished a comparatively very small 
quantity of carbonic oxide. The proportions of this gas and of car- 
bonic anhydride which it yielded were very similar to those obtained 
by Bunsen and Schischkoff with a gunpowder of widely different 
composition, though the method of experiment pursued in the two 
instances was the same. Although the proportion of hydrogen con- 
tained in the powder with which Linck experimented was very low, 
the amount of sulphuretted hydrogen which it furnished was remark- 
The majority of these blanks have been now iiUed 
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ably high; and in this respect again the analysis differs greatly from 
that of the products similarly obtained by Bunsen and Sehischkoff. 
The proportions of water existing in the gunxjowders used by these 
several experimenters is not stated, but it must probably have been 
very considerable in Linck’s powder. 

The solid products of explosion obtained by Bunsen and Schisch- 
koff, Linck, and Karolyi differ remarkably from those furnished by 
our experiments. The potassium sulphate obtained by them was in 
Linck’s analysis about double, and in those of the* other chemists 
more than double the highest amount we found.* The potassium 
carbonate furnished in the German experiments was about half that 
produced in ours ; and the proportion of potassium sulphide found in 
the greater number of powder-residues which we examined was very 
greatly in excess of the results obtained by the German experi- 
menters. Linck found a large proportion of potassium hyposulphite 
in the solid products obtained by him, while the other chemists found 
comparatively small amounts of this constituent; in our results 
(which will presently be compared among themselves) the hyposul- 
phite was also found to vary in amount very greatly. These fluctua- 
tions were found by us, in most cases, to bear definite relation to 
those of the sulphide ; but this is not observed to be the case in the 
analysis of Linck and Bunsen and Sehischkoff on comparing them 
with ours. 

The method pursued by these chemists for obtaining the products 
of decomposition of powder was of a nature calculated to furnish very 
variable results, which can scarcely be accepted as corresponding to 
those produced when gunpowder is exploded in an absolutely closed 
space or in the bore of a gun. 

By allowing the powder-grains to drop gradually into a heated 
open bulb, not only is their decomposition accomplished under very 
different conditions to those attending the explosion of a confined 
charge of powder, but the solid products are necessarily subjected to 
further changes during their continued exposure to a high tempera- 
ture and to the action of fresh quantities of powder deflagrated in 
contact with them. An imperfect metamorphosis of the powder- 
grains themselves and further secondary changes in the composition 
of the residue deposited (which will vary in extent with the duration 
of the experiment), the amount of heat applied externally, and the 
rate at which the powder-grains are successively deflagrated appear 

* Excepting in the case of a Spanish powder, which differed widely in composi- 
tion from the other experimented with by us. — February 1875. 
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to to inevitable results of this mode of operation. A comparison of 
Bunsen and Schisclikoff’s results with those shortly afterwards 
obtamed by Linck in Bunsen's laboratory, the same method being 
pursued for effecting the decomposition of the powder, appears to 
demonstrate this conclusively. 

The differences in the composition of the powders operated upon 
in the two investigations would certainly not suffice to account for 
the important differences exhibited by the results of analysis of the 
residues. The comparatively large proportion of potassium sulphide, 
the much larger proportion of hyposulphite, and the considerably 
smaller proportion of sulphate found by Linck, appear to indicate 
that the operation of burning the powder was conducted much moie 
rapidly by him, a view which is supported by the fact that, while he 
found a considerable proportion of ammonium carbonate in the 
residue, none existed in the product obtained by Bunsen and Schisch- 
koff, who, however, found this constituent in the so-called powder- 
smoke which they collected in a long tube through which the gas 
escaped. 

Our experiments have demonstrated conclusively that, even when 
the conditions under which the explosion of powder is effected in 
distinct operations are as closely alike as possible, very exceptional 
results, as regards the composition of the solid residue, may be 
obtained, Experiments 7 and 17, 9 and 4, 14 and 70 being illustra- 
tions of this. Yet in no instance, however apparently abnormal, did 
any considerable proportion of potassium escape decomposi- 

tion, the highest amounts discovered in the residues being 0*48 and 
0*66 per cent. (Experiments 1 and 8). These percentages existed in 
the products of explosion of powder formed under the lowest pressure ; 
in only two instances, at higher pressures, were similar proportions 
found. The existence of so large a proportion as 5 per cent, of 
potassium nitrate in the residue obtained by Bunsen and Schisclikoff, 
the coexistence of 7*5 per cent, of hyposulphite and small quantities 
of other oxidisable substances, and the existence also of a eompara- 
sively high proportion of oxygen in the gaseous products, appear to 
indicate the occurrence of reactions in the course of the preparation 
of gas and residue, by the gradual deflagration of the powder, which 
were distinct from those attending the ordinary explosion of powder 
in a confined space. 

The very considerable differences between the results of our 
analyses and of the experiments of Bunsen and Schischkoff and of 
Linck appear therefore clearly aseribable to the fact that the dofla- 
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gration of gunpowder, as carried out by them, cannot be expected to 
furnish results similar to those produced when a charge of powder is 
exploded in a confined space under considerable pressure and in one 
operation. . , 

This conclusion receives support from the results of analysis of 
powder-residues published by Federow. Those products, which he 
collected from a cannon in which 3 lbs. of powder were fired, furnished 
analytical results much more nearly resembling those obtained by us 
than those of Bunsen and Schischkoff ; the proportion of sulphate 
was similar to that obtained in many of our experiments, and there- 
fore very much below that of the German experimenters, while the 
proportion of sulphide was very considerably higher than the largest 
amount obtained by us — a result, we believe, not difficult of explana- 
tion. In the residue collected in a glass tube by firing small 
quantities of powder (blank charges) in a pistol, which therefore were 
not exploded under any considerable pressure, and were consequently 
subjected to more gradual change^ the results were of very different 
nature, the proportion of sulphate being comparatively very high, 
and that of the sulphide very low. 

That the mode of operation pursued by Karolyi should have 
furnished results similar to those obtained by Bunsen and ScMsch- 
koffs method is at first sight somewhat surprising, inasmuch as, by 
the arrangement which he adopted, the powder-charge was exploded 
in an envelope (a small thin shell) offering some amount of initial 
resistance. But as this explosion was accomplished in a capacious 
exhausted chamber, the pressure developed upon the fii’st ignition of 
the charge suffered a sudden reduction at the moment that the shell 
was fractured, and most probably, therefore, before the entire charge 
had exploded. Hence it might have been expected that some 
portions of the oxidisahle constituents of powder would escape oxida- 
tion, either entirely or partly, and that, at any rate, the oxidation of 
the sulphur would not be effected to the complete extent observed in 
operating according to Bunsen and Sehischkoff’s plan. But it 
appears that in one instance not a trace, and in another only 0*15 
per cent., of potassium sulphide was found in the solid products, 
the proportion of hyposulphite found being at the same time 
much smaller than that observed by Bunsen and Schischkoff; so 
that the sulphur-compounds obtained consisted chiefly of the 
highest product of oxidation, and yet in each of the two experi- 
ments nearly 4 per cent, of charcoal and a large proportion of 
hydrogen escaped oxidation altogether. In one experiment nearly 
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7 per cent, of sulphur appears to hare been left in an iineombined 
state. . . . 

In our experiments, in which the powder was exploded under 
more or less considerable and sustained pressure, the complete oxida- 
tion of the sulphur might certainly be expected to have been favoured 
to a much greater extent than in Karolyi's experiments; yet in all 
but one experiment, made with a powder of exceptional composition, 
the proportion of sulphate formed was very greatly below that found 
by Karolyi. ISie irreconcilable nature of Karolyf s analytical results, 
though probably in some measure ascribable to the exceptional con- 
ditions under which he obtained his products, does not appear satis- 
factorily accounted for thereby. 

On examination and comparison with each other of the analytical 
results given in the foregoing tables, the following points suggest 
themselves: — 

Excluding the results of a few explosions of marked exceptional 
character as regards the solid products furnished, and those produced 
under the lowest pressure, which were naturally expected to yield 
variable and discordant results, there is considerable similarity, not 
only between the products furnished by pebble-powder when exploded 
under different conditions as regards pressure, but also between the 
results obtained with this powder and with the sample of E. L. G*. 
powder employed in the experiments, which did not differ greatly in 
composition from it. The proportion of carbon was slightly lower in 
the E. L. G. than in the pebble-powder ; and this fact is in harmony 
with the proportion by weight which the total gaseous constituents 
bear to the solid in the products obtained with the two powders, it 
being somewhat the highest, in most instances, in the case of the 
pebble-powder. The proportion of carbonic oxide is often rather 
higher in the gas obtained from the pebble-powder than in that 
furnished by the E. L. G, powder ; and this is in accordance with the 
fact that the proportion of carbon is somewhat higher, while that of 
the saltpetre is a little lower, in the former than in the latter. 
Excluding the results furnished by the experiments in which the 
powder was exploded in the largest space (in which, therefore, the 
gases were developed at the lowest pressures), it will be observed that 
with the slowest-burning powder (the pebble) the proportion of 
carbonic oxide decreases steadily, while that of the anhydride 
increases, in proportion to the pressure developed at the time of 
explosion. 
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The proportion of carbonic anhydride is about the same in the 
gas from the two gunpowders specified; but that of the potassium 
carbonate is somewhat different, and appears regulated by circum- 
stances other than the composition of the powder, being highest 
in the residues furnished by the E. L. G. powder at the higher 
pressures, and lowest in those of the same powder furnished at 
lower pressures. The amount of carbonate furnished by the 
pebble-powder under different conditions as to pressure varies, 
on the other hand, comparatively little, except ^t the highest 
pressure.^ 

The occasional occurrence of a small quantity of marsh-gas, like 
that of oxygen, is evidently an accidental result, being observed in 
some instances in the products obtained at low pressures, and the 
reverse in other instances. 

In the gaseous products from the F. G. powder formed at pres- 
sures up to 50 per cent, space, the carbonic oxide existed in propor- 
tions similar to those furnished by the E. L. G. powder. If the 
relative proportions of potassium nitrate and carbon in the powders 
furnished an indication of the proportions in which this gas should be 
formed, this particular powder should have furnished a higher pro- 
portion of carbonic oxide than the E. L. G., as it contains 0'5 per 
cent, more carbon and 1*4 per cent, less saltpetre than the latter ; but 
then the proportion of sulphur in it is lower by 0*25 per cent, ; 
moreover, the charcoal in the F. G. was less highly burned, and there- 
fore more rapidly oxidisable, a circumstance which may have a 
decided influence upon the amount of carbonic oxide produced by the 
explosion of gunpowder, distinct from that exerted by the proportion 
in which the ingredients exist. The difference in the amounts of 
carbonic oxide produced from this powder at the lower and the 
higher pressures is more marked than in the case of the other 
powders, the quantity in this as in the pebble-powder decreasing 
decidedly as the pressure increases. The amount of carbonic anhy- 
dride which it furnished at the highest pressure (the powder occupied 
90 per cent, of the space) is the largest found in any of the gaseous 
products;! but that produced when the powder occupied 70 per cent, 
of the total space was very nearly as high, while the amount obtained 
in the intermediate experiment (80 per cent, space) was decidedly 

* In 90 per cent, space the amount of carbonate formed was nearlf equal to the 
proportions found in the residues from R. L. G. produced at the higher pressures. 

t Except in the case of the Spanish powder, which furnished an equally high 
proportion. 
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lowetj and corresponded closely to the proportions produced at the 
same pressure from R L. G. and pebble-powder. 

In the experiments with P. and R. L. G, (excluding the explosions 
in 10 per cent, space) the amount of sulphuretted hydrogen was 
highest at the lowest pressures; in the case of E. L. G. powder the 
proportion fell gradually with the increase of pressure, excepting at 
the highest pressure ; with pebble a similar relation was indicated, 
though much less regularly ; with F. G. it was still less apparent, and 
with all three pi^wders the proportion of this gas rose somewhat again 
at the highest pressure. With pebble and F. G. the hydrogen ex- 
hibited a steady diminution with increase of pressure, and a similar 
though less regular result was observable with R. L, G. It need be 
scarcely stated that the proportions of sulphuretted hydrogen and of 
hydrogen are in no instance sufficiently high to enter into account in 
a consideration of what are the chief reactions which occur upon the 
explosion of po^vder.^ 

While the results, as regards gaseous products, furnished by the 
three gunpowders above referred to were on the whole remarkably 
uniform, the composition of the solid residues exhibited comparatively 
great variations. Certain general results appear, however, to be well 
established by a number of the analyses. Excluding, again, those 
experiments conducted at the lowest pressure, the proportion of 
potassium sulphate produced in the several experiments, with the 
comparatively slow-burning pebble-powder, was remarkably uniform 
at various pressures, being, as already pointed out, not more than 
one-fourth the amount found in powder-residue by Bunsen and 
Schischkoffi The proportion of sulphur not actually entering into 
the principal reactions involved in the explosion of the powder was 
also, with two exceptions, very uniform, being about 35 per cent, of 
the total amount contained in the powder. The proportion of 
potassium carbonate obtained from pebble-powder was somewhat less 

The additional analyses which we have made since this paper was presented 
to the Royal Society enable ns to summarise the general results furnished by 
examination of the gaseous products as follows (a) With all the powders the pro- 
portion of carbonic anhydride produced increases steadily and decidedly with the 
pressure ; (/>) with the P. and F. G. powders the carbonic oxide decreases steadily 
as the pressure increases ; and the same is generally true as regards the R. L, G. 
po’wder, although the series of analyses exhibits some violent fluctuations ; (c) the 
proportions of sulphuretted hydrogen and of hydrogen furnished by all the powders 
fall somewhat as the pressures increase, though the diminution is not very decided 
or regular ; (d) free oxygen was in no case found in the products from P. powder ; 
in one instance it was found in those from R. L. G., and it occurred in four 
instances in those from F. G. 
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uniform, blit did not differ greatly in tbe different experiments with 
the same powder exploded in different spaces, excepting at the 
highest pressure. With the more rapidly-exploding R. L G, powder, 
the sulphate formed at the lower pressures ivas nearly double that 
obtained with pebble-powder; while at the highest pressures the 
amounts furnished by the two powders did not differ greatly, the 
amount of sulphur excluded from the chief reaction at those pressures, 
with E. L. G,, being, however, more considerable than was the case 
with pebble-powder under similar conditions. Witk regard to this 
part of the sulphur contained in the powder, which correspoiids to 
what Bunsen and Schischkoff term /w suljihiir, some portion of it 
almost always exists, not in combination with potassium as poly- 
sulphide, but combined with iron, and is therefore discovered in the 
residue left undissolved, upon treatment with water, of the solid pro- 
ducts removed from the chamber. This proportion of the sulphur 
is evidently at once fixed, at the instant of explosion, by union with 
parts of the metal surfaces presented by the interior of the vessel 
in which the operation is conducted. The extent to which sulphur 
is thus abstracted from the powder-constituents, and precluded from 
entering into the reactions which are established ljy the explosion, or 
follow immediately upon it, must depend in some degree upon acci- 
dental circumstances, such as variations in the mechanical condition 
(smoothness, brightness, etc.) of the metal surfaces, and also upon 
the temperature developed at the instant of the explosion. The 
circumstance that, in the statement of the results of Experiment 42, 
both potassium oxide and sulphur are separately included is there- 
fore explained by the above fact. The larger proportion of the 
/'sulphur” specified in the several analyses existed as potassium 
polysulphide, and may therefore be styled /w sulphur, as it did not 
take part in the chief reactions. 

ThQ emlonate,\ik^ the sulphate, differed decidedly in amount in 
the residues furnished by the E. L. G. powder exploded in the smaller 
and the larger spaces; in the former it was equal to the lowest result 
furnished by the pebble-powder; in the others its proportion was 
about 10 per cent, higher than in the pebble-residues, excepting in 
one of them produced at the highest pressure. In the products 
obtained by the explosion of the smallest-grain powder (F. G.) the 
variations in the proportions of carbonate are somewhat considerable p 
the proportions of sulphate were, on the other hand, much alike,, 
except at the highest and lowest pressures. The proportion of hypo- 
sulphite was generally high, and that of the sulphide low, as com- 
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pared witli the proportions of these constituents in the other powder- 
residues just discussed. In two of the residues from F. G., the 
proportion of sulphur which did not enter into the principal reactions 
is about the same as that found in the pebble-powder residues ; while 
in three others only small c[uantities of free sulphur existed— in two 
of these there was free potassium oxide. Two of the residues (Nos. 
42 and 47) contained not a trace of potassium sulphide discoverable 
by the most delicate test (sodium nitroprusside). 

With respect to the proportions of j^otassium sulphide and 
potassium hyposulphite found in the several residues analysed/tlie 
following points appear to be worthy of note: — 

1. In the residues obtained by exploding pebble, E. L. G, and 
F. G. under the lowest pressures (the charges only occupying 10 per 
cent, of the total space), the proportion of potassium hyposulphite is 
in all cases high, while that of the sulphide is correspondingly low. 

2. In the comparatively slow-burning pebble-powder, the pro- 
ducts of explosion of which at different pressures exhibited great 
similarity in many respects, there is a marked fluctuation in the 
proportion of hyposulphite ; and this corresponds to a fluctuation, in 
the opposite direction, in the amount of sulphide found, while the 
sulphate varies but little. A similar fluctuation and relation is 
observed, as regards these two constituents, in the solid products of 
the experiments made with E. L. G. powder at the loioest pressures, 
but not, or only to a slight extent, in the residues furnished by the 
powder at higher pressures. 

3. In most of the residues from F. G., the hyposulphite is large 
in amount and the sulphide small: in two of these (Nos. 42 and 47), 
which did not contain a trace of potassium sulphide, the proportion 
of hyposulphite was considerably higher than in any of the other 
experiments; and in these eases there was no free sulphur — that is 
to say, no sulphur in the form of polystdpMcle, the small proportion 
given under the head of “sulphur'' in the tabulated results being 
found in combination with iron derived from the interior of the 
chamber. 

The circumstance that the hyposulphite generally existed in 
large proportions when the sulphide was small in amount, appeared 
at first sight to afford grounds for the belief that its production 
might he aseribable to a secondary reaction resulting in the oxida- 
tion of sulphide by carbonic anhydride, a view which might appear 

* One residue furnished by P. powder (Experiment 38) contained a similarly high 
amount and a very small quantity of sulphide. 
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to receive support from the following 'circumstance, .The iippe.r 
portion of the solidified mass in the cylinder was found to contain a 
considerably larger proportion of hyposulphite than the remainder, 
as is demonstrated by the following results of a separate examina- 
tion of the top and the lower portions of the residues, obtained by 
exploding a charge of 6804 grains (440-9 grms,) of E. L. G. powder, 
which occupied 90 per cent, of total space in the chamber (Experi- 
ment 68) : — 

Eesidue. Carbonate. Sulphate. Hyposulphite. Sulp/^ide, Sulphur. 

Top portion . 52*15 7*69 17*14 6*03 4*88 

Lower portion . 67*75 7*44 4*34 7*30 10*09 

Similar results were obtained by the separate exaiiiination of the 
top part of other residues. Again, one of the small drops or buttons 
of the fused solid products which have been mentioned as being 
generally found upon the firing-plug in the cylinder (the residue of 
this particular experiment contained a somewhat considerable pro- 
portion of sulphide) was found to be quite free from sulphide, but 
contained hyposulphite. Lastly, a mixture of potassium carbonate 
and sulphide, after exposure in a crucible for 30 minutes to a 
temperature of about 1700° Cent, in a Siemens furnace (in which 
the atmosphere consisted of carbonic anhydride, carbonic oxide, and 
nitrogen), was found to contain a small quantity of hyposulphite. 
The production of this substance, as the result of a secondary 
reaction, should, however, be rendered evident by a marked increase 
in the proportion of carbonic oxide in all instances in which a large 
amount of hyposulphite was found ; and this was certainly not the 
case, as will be seen by a comparison of the results of Experiments 
8 and 7, 3 and 11, 19 and 17. 


Experiment. 

Carbonic 

anhydride. 

Carbonic 

oxide. 

carbonate. 

sulphate. 

hyposulphite. 

sulphide. 

8. Pebble 

. *2577 

•0519 

•3115 

•0843 

*1163 

•0416 

7. Pebble 

. *2517 

•0575 

*3216 

•0768 

•0208 

•1011 

3. R. L, G. 

. *2504 

•0393 

•3128 

•1378 

*0329 

•0547 

11. R. L. G. 

. *2624 

*0360 

•2819 

*1324 

•L393 

•0117 

19. F. G. 

. *2678 

*0339 

•2615 

•1268 

•1666 

•0196 

17. ' F. G. 

. *2512 

•0416 

•3454 

*1409 

•0308 , 

•0298 


It appears, therefore, that the formation of hyposulphite cannot 
be regarded as due to the occurrence of a secondary reaction between 
carbonic anhydride or carbonate and sulphide produced upon the 
explosion of gunpowder, but that it must be formed either diuing the 
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primary reaction of the powder-constituents on each other (in other 
words, by the direct oxidising action of saltpetre), or by an oxidation 
of sulphide by liberated oxygen following immediately upon the first 
change (which results in the formation of a large quantity of 
sulphide), and being regulated in extent by the amount of oxygen 
liberated at the moment of explosion. The view that hyposulphite 
must be, at any rate in part, due to the oxidation of sulphide formed 
in the first instance, appears to be supported by the circumstance 
that the propottion of the latter in the powder-residues is as variable 
as that of the hyposulphite, and is generally low when the hypo- 
sulphite is bi gb . Moreover, in our experiments the proportion of 
sulphate is, except possibly in a few instances, apparently not affected 
by the amount of hyposulphite formed. On the other hand, the 
amount of sulphur which exists either in combination with iron 
(and other metals derived from the exploding-apparatus) or as 
polysulphide of potassium, and which therefore has not entered into 
the chief reactions, is generally low where the hyposulphite is high, 
which appears to indicate that the latter is also formed (at any rate 
occasionally) I'y an oxidation of free sulphur following immediately 
upon the first reaction. 

In the products of decomposition of the powder examined by 
Bunsen and Schisehkoff, which were obtained, at any rate to a 
considerable extent, by a continued process of oxidation, the con- 
version of sulphur into the highest product (sulphate) was effected to 
a very great extent, there being no free sulphur and only an 
exceedingly small quantity of sulphide ; but when the deflagration 
and action of heat were arrested, there was still a considerable 
proportion (7 '5 per cent.) of hyposulphite existing in the solid residue. 
The smoke, or portions of the solid products mechanically carried 
away by the gases evolved and afterwards deposited, was found by 
those chemists also to contain as much as 4-9 per cent, of hypo- 
sulphite, while neither sulphide nor free sulphur were discovered 
(the sulphate being, on the other hand, considerably higher in 
amount than in the residue itself) ; the gas which escaped contained 
a very appreciable amount of free oxygen, and there was 5 per cent, 
of nitrate left in the residue when the operation was arrested. Here, 
therefore, the view appears a very probable one that the hyposulphite 
constituted an intermediate product of a reaction following upon the 
production of sulphide in the first instance. In Linek’s experiment, 
conducted in the same way, the process of deflagration being, 
however, apparently arrested at an earlier stage, more than twice the 
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amount of hyposulphite found' by Bunsen and ScMschkoff existed in 
the residue, while there were still nearly 6 per cent, of sulphide and 
0*5, per' cent, of sulphur unoxidised, and a considerably smaller 
amount of sulphate formed. This difference between the results of 
two experiments conducted on the same plan may certainly be partly 
ascribed to the difference in the composition of the two gunpowders 
experimented with, as that used by Linck was nearly of normal 
composition, and contained nearly 3 per cent more sulphur, and 
quite 3 per cent less saltpetre, than Bunsen and Sehischkoffs 
powder ; yet this very circumstance appears to support the view 
that, at the first instant of explosion, sulphide is formed in consider- 
able proportion, its immediate oxidation and the nature and extent 
of that oxidation being regulated by the proportion of oxygen which 
is liberated at the time that the sulphide is formed, the same also 
applying to the proportion of sulphur which at the moment of 
explosion does not combine with potassium to form sulphide. 

Potassium hyposulphite is stated to decompose at about 200*^ 
Cent. ; but it is evidently formed at very much higher temperatures ; 
and the experiments of Bunsen and ScMschkoff and of Linck 
demonstrated that it may remain undecomposed, or may continue to 
be produced, in powder-residue which is maintained at a high 
temperature. 

We ourselves have exposed portions of powder-residue obtained 
in our experiments for lengthened periods to the heat of a Siemens 
furnace (1700° Cent.), and have still detected small quantities of 
hyposulphite in the material after such exposure. 

It will he seen on comparing our analytical results with the 
pressures recorded in the several experiments as being developed by 
the explosions, that the latter are not affected by very great differ- 
ences in the composition of the products, or by important variations 
in the extent to which particular reactions appear to predominate 
over others. The jmessures developed by explosion of the pebble and 
E. L. G-. powders, under corresponding conditions as regards the 
relation of charge to total space, were almost identical up to the 
highest density; and the same was the case with F. G. powder at 
the lower densities; yet there were in several instances very con- 
siderable differences between the products formed from the different 
powders under the same pressures (or accompanied by the develop- 
ment of corresponding pressures), differences which were certainly 
aiot to be accounted for by the respective constitution of those 
powders. 
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Th© coBiposition of tlio gases and residues obtained in Experi- 
ments 3, 7, and 17, and 12, 11, and 19 (Tables 3 and 4) may be 
referred to in illustration of this. (See pp. 130 and 132.) 

A cursory inspection of the analytical results at once shows that 
the variations in composition of the solid products furnished by 
the different powders, and even by the same powder under different 
conditions, are much more considerable than in those of the gaseous 
products; and it is evident that the reactions which occur among the 
powder-constiluents, in addition to those which result in the 
development of gas, of fairly uniform composition (and very uniform 
as regards the proportions which it bears to the solid), from powders 
not differing widely in constitution from each other, are susceptible 
of very considerable variations, regarding the causes of which it 
appears only possible to form conjectures. Any attempt to express, 
even in a comparatively complicated chemical equation, the nature 
of the metamorphosis which a gunpowder of average composition 
may be considered to undergo, when exploded in a confined space, 
would therefore only be calculated to convey an erroneous impression 
as to the simplicity, or the definite nature, of the chemical results 
and their uniformity under different conditions, while it would, in 
reality, possess no important bearing upon an elucidation of the 
theory of explosion of gunpowder. 

The extensive experiments which the Committee on Explosive 
Substances has instituted, with English and foreign gunpowders of 
very various composition, have conclusively demonstrated that the 
influence exerted upon the action of fired gunpowder by compara- 
tively very considerable variations in the constitution of the gun- 
powder (except in the case of small charges applied in firearms) is 
often very small as compared with (or even more than counter- 
balanced by) the modifying effects of variations in the mechanical ^ 
and physical properties of the powder {ie,, in its density, hardness, 
the size and form of the grains or individual masses, etc.). Hence it 
is not surprising to find that a fine-grained gunpowder, which 

^ The desirability of applying these means to effecting modifications in the 
action of fired gunpowder was pointed out by Colonel Boxer in a memorandum sub- 
mitted to the War Office in 1859; and the first Government Committee on Gun- 
powder, soon afterwards appointed (of which Colonel Boxer and Mr Abel were 
members), obtained successful results, which were reported officially in 1864, by 
limiting the alterations in the manufacture of gunpowder intended for use in heavy 
guns to modifications in the form, size, density, and hardness of the individual 
grains or masses, the composition of the powder remaining unaltered. The Com- 
mittee on Explosive Substances have adhered to this system in producing gunpowder 
statable for the largest ordnance of the present day. 
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differs .miieli more , in mechanical than in chemical points from the 
larger powder ,(R. L G,) used in these experiments, should present 
decided, , differences, not only in regard to the pressures which it,, 
develops under similar conditions, but also as regards the propor- 
tions and imiform,ity of the products which its explosion , furnishes. ■ 
On the other hand, the differences in regard to size of individual 
masses and other mechanical peculiarities between the R L. G. and 
pebble powders are, comparatively, not so considerable, and are in 
directions much less likely to affect the results obtained by 
explosions in perfectly closed spaces. 

Again, the analysis of solid residues furnished by different kinds 
of gunpowder which presented marked differences in coinposition, 
did not establish points of difference which could be traced to any 
influence exerted by such variations ; indeed, the proportions of the 
several products composing residues which were furnished by one 
and the same powder, in distinct experiments made at different 
pressures, differed in several instances quite as greatly as those 
found in some of the residues of different powders which presented 
decided differences in composition. This will be seen on comparing 
with each other the analysis of certain residues of P. powder {e.g. 
Experiments 7 and 12), of R L. G. powder {e,g. Experiments 4 and 
39), and of E. G. powder (Experiments 17 and 42), and on then 
comparing the composition of the residues of F. G. and R F. G. 
obtained in Experiments 17 and 18. 

When, however, the deviation from the normal composition of 
cannon-powder is comparatively great, a decided influence is thereby 
exerted upon the proportions in which the products of explosion are 
formed Thus, in the Spanish pebble-powder specially selected by 
us for experiment on account of the considerable difference between 
its composition and that of the English powders, the proportion 
which the saltpetre hears to the carbon is comparatively high, while 
the amount of sulphur it contains is very high. An examination of 
the gaseous products which it furnished shows that the proportion of 
carbonic oxide is only one-half the amount produced under precisel}^ 
the same conditions, as regards pressure, by E. F. G. powder, and 
about one- third the amount contained in the products furnished by 
pebble and R L. G. powders under nearly similar conditions. With 
respect to the solid products of explosion obtained with the Spanish 
powder, they also present several points of great difference from the 
products furnished by the powders of English manufacture. The 
amount of potassium carbonate is very much lower than in any of 
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the other residues examined, and the sulphate very much exceeds 
ill amount the largest proportion furnished by the English powders. 
The proportion of sulphide is small, while that of hyposulphite is 
also not considerable. 

Although, for the reasons given in the foregoing, we cannot 
attempt to offer anything approaching a precise expression of the 
chemical changes which gunpowder of average composition undergoes 
when exploded in a confined space, we feel warranted by the results 
of our experinSents, in stating, with confidence, that the chemical 
theory of the decomposition of gunpowder, as based upon the results 
of Bunsen and Schischkoff, and accepted in recent text-books, is 
certainly as far from correctly representing the general metamor- 
phosis of gunpowder as was the old and long-accepted theory, accord- 
ing to which the primary products were simply potassium sulphide, 
carbonic anhydride, and nitrogen. 

Moreover, the following broad facts regarding the products fur- 
nished by the explosion of gunpowder appear to us to have been 
established by the analytical results given in this paper:— 

1. The proportion of carbonic oxide produced in the explosion of 
a gunpowder in which the saltpetre and charcoal exist in proportions 
calculated, according to the old theory, to produce carbonic anhydride 
only, is much more considerable than hitherto accepted. 

2. The amount of the potassium carbonate formed, under all 
conditions (as regards nature of the gunpowder and pressure under 
which it is exploded), is very much larger than has hitherto been 
considered to be produced, according to the results of Bunsen and 
Schischkoff and more recent experimenters. 

3. The potassium sulphate furnished by a powder of average 
normal composition is very much smaller in amount than found by 
Bunsen and Schischkoff, Linck, and Karolyi. 

4. Potassium sulphide is never present in very considerable 
amount, though generally in much larger proportion than found by 
Bunsen and Schischkoff; and there appears to be strong reason for 
believing that in most instances it exists in large amount as a 
primary result of the explosion of gunpowder. 

5. Potassium hyposulphite is an important product of the decom- 
position of gunpowder in closed spaces, though very variable in 
amount. It appears probable (as above pointed out) that its 
production is in some measure subservient to that of the sulphide ; 
and it may perhaps be regarded as representing, at any rate to a 
considerable extent, that substance in powder-residue— as having 
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resulted, partially and to a variable extent, from the, oxidation, 
by liberated oxygen, of sulphide, which has been formed in the first 
mstanea 

6. The proportion of sulphur which does not enter into the 
primary reaction on the explosion of powder is very variable, being 
in some instances high, while, in apparently exceptional results, the 
whole amount of sulphur contained in the powder becomes involved 
in the metamorphosis. In the case of pebble-powder, the mechanical 
condition (size and regularity of grain) of which perhaps more 
favourable to uniformity of decomposition under varied conditions as 
regards pressure than that of the smaller powders, the ainoimt of 
sulphur which remains as potassium polysulphide is very uniform, 
except in the products obtained at the lowest pressure ; and it is 
noteworthy that with E. L. G. powder, under the same conditions, 
comparatively little sulphur escapes; while in the case of F. Gr. 
powder, under corresponding circumstances, there is no free sulphur 
at all. 

7. But little can be said with regard to those products, gaseous and 
solid, which, though almost always occurring in small quantities in 
the products, and though apparently, in some instances, obeying 
certain rules with respect to the proportion in which they are 
formed, as already pointed out, cannot be regarded as important 
results of the explosion of powder. It may, however, be remarked 
that the regular formation of such substances as potassium sulpho- 
cyanate and ammonium carbonate, the regular escape of hydrogen 
and sulphhydric acid from oxidation, while oxygen is occasionally 
coexistent, and the frequent occurrence of appreciable proportions of 
potassium nitrate, indicate a complexity as well as an incomplete- 
ness in the metamorphosis. Such complexity and incompleteness 
are, on the one hand, a natural result of the great abruptness as well 
as the comparative difficulty with which the reactions between the 
ingredients of the mechanical mixture take place ; on the other hand, 
they favour the view that, even during the exceedingly brief period 
within which chemical activity continues, other changes may occur 
(in addition to the most simple, which follow immediately upon the 
ignition of the powder) when explosions take place at pressures such 
as are developed under practical conditions. 

The tendency to incompleteness of metamorphosis, and also to 
the development of secondary reactions under favourable conditions, 
appears to be fairly demonstrated by the results obtained in explod- 
ing the different powders in spaces ten times that which the charges 
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occupied (Experiments 8, 1, and 16). It appears, however, that, even 
under apparently the most favourable conditions to uniformity of 
metamorphosis (namely, in explosions produced under high pressures), 
accidental circumstances may operate detrimentally to the simplicity 
and completeness of the reactions. But the fact, indisputably 
demonstrated in the course of these researches, that such accidental 
variations in the nature of the changes resulting from the explosion 
do not, even when very considerable, affect the force exerted by fired 
gunpowder, as Remonstrated by the recorded pressures, etc., indicate 
that a minute examination into the nature of the products of 
explosion of powder does not necessarily contribute directly to a 
comprehension of the causes which may operate in modifying the 
action of fired gunpowder. 


ig) VOLUME OE THE PERMANENT GASES. 

The results of the experiments made to determine the quantity 
of permanent gases generated by the explosion of the three service- 
powders which we have employed, are given in Nos, 53 to 62 
and 64. 

Erom a discussion of these results it appears that, in the case of 
pebble-powder, the combustion of 386*2 grms. gave rise respectively 
to 106,357*8, 105,716*2, and 107,335*8 c.c. of gas at a temperature of 

Gent, and a barometric pressure of 760 mm. ; or, stating the result 
per grm. of powder, the combustion of 1 grm. pebble generated 
respectively 275*4, >73*7, and 277*9 c.c., or a mean of 275*68 c.c., at 
the above temperature and pressure. 

From the combustion of a similar quantity of E. L. G. powder 
resulted 106,080*4, 103,676*5, and 104,606*7 c.c., or 274*7, 268*45, 
and 270*86 e.c. of gas (mean = 271*34 c.c.) per grm. of powder; while 
99,694*9, 101,372*3, 99,164*8, and 100,289*0, or 262*4, 258*1, 256*8, 
and 259*68 (mean 259*2) c.c. per grm. were yielded by the F. G. 
:,',I>owder. 

The difference in quantity of -"gas between the pebble and 
the E. L. G. is very slight; but there appears to be a decided 
difference in the quantity generated by F. G. powder, the defect 
being much greater than can be accounted for by any errors of 
observation. 

The results of those experiments show that the quantity of per- 
manent gases generated by 1 grm. of the service pebble or E. L. G. 


RESEARCHES ON;. EXPLOSIVES 


151 


powders is about 2^6 c.e. at,0° Cent, and 760 mm. — that is, they occupy ; 
at this temperature and pressure about 276 times the volume of the ' 
unexploded f)owder. 

The volume given off by F. G. is less, being about 260 volumes,; 
and,, if we may trust to the single measurement we have made,. of. 
the permanent gases of E. F. G (in Experiment 80), the volume 
generated by this powder does not differ greatly from that given off 
by F. G. 

With the view of ascertaining whether a powder of a marked 
difference in composition, such as the Spanish spherical pellet 
powder, gave the same quantity of permanent gases as our service- 
powders, a measurement of the volume generated by this powder 
was made (in Experiment 81). 

The quantity was found to be notably less, being only 232*7 
volumes ; but this measurement was the result of one determination 
only. 

(h) EESULTS OF EXPLOSION, DEDUCED BY CALCULATION FEOM 
ANALYTICAL DATA. 

We are now in a position to apply two important tests to the 
results at which we have arrived as regards composition of products 
and measurement of gases. From a consideration of the analysis of 
the solid products of explosion, we are able to deduce the total 
weight of the solid residue, and thence, by difference, the weight of 
the gaseous products. On the other hand, from a consideration of 
the measurement of the volume of the gaseous products, combined 
with their analysis, we can calculate the weight of the gaseous and, by 
difference, that of the solid products ; and if these calculations accord, 
a valuable corroboration of the accuracy of our results will be 
obtained. We can also compare the amounts of the elementary sub- 
stances in the powder before and after combustion, and so obtain a 
still further corroboration of accuracy. 

We have applied these tests to all the analyses completed ; and 
we proceed to give two illustrations of the method — one applied to 
pebble, the other to F. G powder. 

In Experiment 12, 411*085 grms. pebble-powder were fired, and 
the products of combustion collected and analysed. The analysis of 
this powder has been already given ; but for our present purpose it 
is convenient to give the proportions of the components, as found by 
analysis, in their elementary form. 
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The peBMe-powder, then, consisted of : — 


K . . 


Percentage 

composition, 

•2886 

Composition by weight, 
grms. 

118*639 '■ 

C 


•1212 

49*824 

s 


•1007 

41*396 

H 


•0052 

2*138 

0 . 


^ . *3742 

153-828 

N 


*1078 

44*315 

Asb . 


•0023 

*945 


1*0000 411*085 


while the composition of the solid products of combustion was found 
to be: — 


K^COj . 

. *55220 

KCNS . . 

•00244 

KAOg . 

, *14080 

KNOg . . 

•00084 

K,sb, . 

. *13200 

(NH,),COg . 

•00067 

K,S . 

. *09700 

S . . 

Not estimated 

•06068 

•01347 


Now almost any practical method of weighing the solid residue 
would give us inexact results, the weight of the vessel used for 
explosion being too great to allow of sufficient accuracy if weighed in 
the vessel, and the hygroscopic nature of the residue, as well as the 
difficulty of removing it, preventing its being weighed after removal 
But we can arrive at the weight in the following manner: — We 
know that the whole of the potassium originally contained in the 
powder will be found in the solid residue; we further know that 
potassium enters into the composition of potassium carbonate, hypo- 
sulphite, sulphate, sulphide, and sulphocyanate in the proportions 
respectively of 565, 411, 448, 709, and 402 parts out of every 
thousand. Hence if x be the weight of the solid residue, we have the 
following equation : — 

{•565 X *55220 + *411 X -14080 + *448 X *13200 + *709 X *09700 
+ *402 X -00244 + *386 X *00084 } a; = 1 18*639, 

118*639 grms. being the amount of potassium originally in the 
powder. 

Hence a; == solid products = 237'7l7 grms. = *5783, and, by differ- 
ence, gaseous products =173*368 grms. =*4217. 

We can now perform the inverse process, and, from the nieasure- 
^ ment of the gas and the gaseous analysis, arrive at the weight of the 
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solid products. Since 1 grm, of pebble-powder gave, rise to ,275*68 e.e. 
of permanent gases/411*085 grms. will ■ generate 113,797*9 c.c. . But 
the analysis of the permanent gases, in this particular experiment, 
gave SHg *0170 volume, CO 1395, CO., *4952, CH^ *0032, H *0235, 
N *3216 volumes, while a c.c. of these gases weighs respectively 
•001523, •001254, *001971, *0000896, and *001254 grm. Henco we 
have as follows : — 



vols. 

c.c. 

grms. 

weiglit. 

SH., 

•0170 

- 1,934*6 

2*946 ^ 

•0163, 

co“ 

•1395 

- 15,874*8 

19*907 

*1104 

CO, 

. , *4952 

= 56,352*7 

111*071 

•6160 

CH, 

•0032 

= 364*2 

•261 

•0015 

H . 

•0235 

= 2,674*3 

*240 

•0013 

N . 

. *3216 

= 36,597*4 

45*893 

*2545 


1*0000 

113,798*0 

180*318 

1-OOW 


Hence, taking the gas-measurement and analysis combined as the 
basis of calculation, we have : — 

Gaseous products = 180*318 grms. 

Solid products = 230*767 grms. 

or, if we take the mean of the two determinations as more nearly 
representing the truth — 

Solid products = 234*242 grms. = *5698 
Gaseous products = 176*843 grms. = *4302 


Eesolving the solid products of combustion into their elements, we 
have the following scheme : — 



Grms. 

K. 

G. 

s. 

H. 

0 . 

N. , 

K^COs . . 

129*348 

73*082 

11*253 



45*013 


1^23*2^3 . 

32*981 

13*555 


ii*ii5 


8*311 


K 2 SO 4 . . 

30*920 

13*852 


5*689 


11*379 


K^S . . . 

22*721 

16*109 


6*612 


... 


KCNS . 

•372 

•230 

•069 

•083 



•1,89 

KNO, 

•197 

•077 


*095 



•027 

(NH^COa . 

P 

•157 

*078 

‘•620 


*613 


*046,: 

. . . 

s . . 

14-190 



14*190 



I*' 

Not estimated . 

3-155 



1*263, ! 




Totals . 

234*241 

116*983 

11*342 

39-047 

•013' : 

64-703 

•262, 
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PollowiEg tlie sanie plan with the gaseous products and comparing 
the total weights of the elements found with those existing in the 
powder before combustion, we have : — 



Grms. 

K. 

0. 

S. 

H. 

0. 

N. 

SB,. . . 

2*882 



2-712 

0-170 



o . . . 








CO . ... 

19*523 


8*375 



11-148 


COo . . 

108*936 


29-740 



79-196 


ch; . ... 

•265 


•199 


•066 



H . . . 

•230 




•230 



N . . . 

45-007 






46-007 

Total gaseous . 

176-843 


38*314 

2-712 

•466 

90-844 

J7-- 

o 

p 

Total solid 

234-241 

116*'983 

11*342 

39-047 

*013 

64-703 

•262 

Total found 

411-084 

116*983 

49*656 ^ 

41-759 

-479 

155-047 

45-269 

Total originally 








in powder 

411-085 

118*639 

49*824 

41-396 

2-138 

153-828 

45-000 

Errors 


-1*656 

-0*168 

+ *363 

-1*659^ 

+ 1-219 

+ •269 


If we perform similar calculations in the case of Experiment 17, 
when 205*542 grms. of F. Gr. were exploded, and the products found 
to be of the undermentioned composition : — 


Solid Products. Gaseous Products. 






'' 

vol. 

K,C 03 . 

•5939 

(NH,) 3 C 03 . 

•0015 

SH, . 

-0376 

K 2 S 203 

-0530 

s . 

-0572 

CO . 

•1235 

KgSO^ . 

•2422 



C 03 . 

•4741 

K,S . 

•0512 



CH, . 

... 

KCNS . 

•0002 



H . 

•0413 

KNO 3 . 

•0008 



N 

•3235 

we obtain : — 







For solid products . . 119-654 grms. = -6817 

For gaseous products . 86-987 grms. = -4183 

or, resolving these products as before into their elements: — 
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Grms. 

K. 

C. 

s. 

H. 

' 0.' ■ 

s. 1 

i 

K^COs . 


71-003 

40-117 

6-177 



24-709 


K,SA • 


6*336 

2*604 


2*135 


1-597 


K^so; . 


28*956 

12-972 


5'a28 


10*656. 

' '! 

. . 


6*121 

4*340 


1-781 



! 

' KCNS . 


•024 

•010 

•003 

*008 



•oos 

KNO, 


*096 

•037 




•045 

*013 I 

(NH4}3G03 


•179 

... 

•022 


*015 

*090 

,*052, 1 

s , . 


6*k9 


... 

6*839 




Total solid 

• 

119-664 

60*080 

6*202 

16*091 

•015 

37-097 

0-068 

SHa . . 


3*164 



2*977 

•187 



CO . . 


8*556 


3*671 



4*885 


C02 . . 


51*644 


14*099 



37*545 


CH4 . 









H . 


‘•m 




•206 



N . 


22*417 1 





... 

22-417 

Gaseous . 


85*987 ^ 


17-770 

2-977 

•393 

42*430 

22-417 

Solid. 


119*554 

60*080 

6-202 

16-091 

•015 

37*097 i 

0-068 



205*541 

60-080 

23-972 

19-068 

•408 

79-527 

22-485 

Found originally 








in powder 

• 

205*542 

68-662 

23-349 

20-760 

1*336 

79-031 

22-700 

Errors 

i 

+ 1*418 

+ 0*623 

-1-692 

-*928 

+ *496 

1 - *215 


It will be seen from tbis comparison that the results, when the 
nature of the analysis is taken into consideration, accord with great 
exactness. The volume of the gaseous products, calculated from the 
weight of the gases given in the first column of the table, would be 
about 279 c.c. at 0° Cent, and 760 mm. per grm. of powder in the case 
of the pebble, and 267 c.c. in the case of the F. G. powder. These 
volumes are slightly more than the measured volumes ; but it must 
be remembered that it is not difiicult to conceive causes which might 
tend to make the mean measured quantity of gas somewhat less 
than reality, while it is hardly possible that the reverse can be 
the case. 

For example, without doubt an appreciable quantity of gas is 
occluded, as indicated by the conditions of the residues (see account 
of Experiments Nos. 10 and 38) and by the disengagement of gas 
generally observed upon addition of water to the residue. In some 
instances also there may be, under the high pressure of explosion, a 
trifling leakage from the apiaaratus. 
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One point we must not pass over without observation. The 
deficiency of hydrogen in the products of explosion, although 
absolutely small, is relatively very large. The question then arises 
as to whether the missing hydrogen may not be present in the form 
of aqueous vapour. None was detected in the analysis of the gases ; 
but it is not difficult to explain this fact/ as the extremely hygro- 
scopic property of the x'esidue would most effectually dry the gases 
— the absorption of the vapour by the residue being actually 
demonstrated )Dy the greasiness observed on the surface of the 
deposit and on the sides of cylinder immediately on its being opened 
after explosion. The entire proportion of water formed or pre- 
existing must therefore have existed in the solid residues, but its 
determination therein was obviously impracticable. 

The amount of water present can, however, be calculated from 
the deficiency of hydrogen shown in our tables. 

(i) CONDITION OF PBODUOTS AT THE INSTANT OF, OE SHOETLY AFTER, 

EXPLOSION. 

A careful examination of the contents of the cylinders after they 
were opened showed that, at all events shortly after explosion, the 
solid products were in a fluid state. It was of course impossible to 
open the cylinder while the solid products were still fluid; but it 
occurred to us that we might yet obtain valuable information as to 
the state of the contents at different periods after the explosion. 
Accordingly, in Experiment 40, the cylinder being about two- 
thirds filled with F. G., 30 seconds after the explosion the vessel 
was tilted so as to make an angle of 45°. Two minutes later it was 
restored to its first position. 

On subsequent examination, the deposit was found to be lying at 
the angle of 45°, and the edges of the deposit were perfectly sharp 
and well defined. 

In Experiment 41, the cylinder, being about three-fourths filled 
with E, L. G., was allowed to rest for 1 minute after explosion. It 
was then placed sharply at an angle of 45°, and 45 seconds later 
it was returned to its first position. 

Upon opening, it was found that when the cylinder was tilted 
over, the deposit had just commenced to congeal; for upon the 
suiiace there had been a thin crust, which the more fluid deposit 
underneath had broken through. The deposit was lying at an angle 
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of 45^ buts the crust through which the fluid had run was deft 
standing like a thin sheet of ice. 

Hence , in this experiment, 1 minute after explosion, . the 
non -gaseous products had commenced to congeal, and 45 , seconds 
later they were solid. 

In Experiment 77, the cylinder, being completely full of 
pebble-powder and fired, was placed at an angle of 45*^ 1 mmute 
after explosion, and the position of the cylinder was altered 
every 15 seconds. It was found that at 60 and 7§ seconds after 
explosion the deposit was perfectly fluid, the evidenee of each 
motion of the cylinder being given by a wave of deposit. At 
90 seconds, it was rather viscid; at 105 seconds, the deposit 
hardly moved. 

Hence in this experiment it was rather more than a minute and 
three-quarters before the non-gaseous products became solid; and 
the conclusion from the experiments is that, very shortly after 
explosion, the non-gaseous products are collected as a fluid at the 
bottom of the exploding-vessel, and that some time elapses before 
these products finally assume the solid form. 

(j) THE POSSIBILITY OP DISSOCIATION AMONG GASEOUS PEODUCTS 

CONSIDEKBD. 

In the attempt to reconcile or account for the discordant 
estimate of the pressure exerted by fired gunpowder, some authorities 
have supposed that the phenomena connected with dissociation play 
an important part, and that, for example, the dissociation of carbonic 
anhydride into carbonic oxide and oxygen may give rise to a con- 
siderable increment of pressure. 

Berthelot has enunciated the view that the tendency to dissocia- 
tion at very high temperatures possessed by compound gases operates 
in preventing the formation, at the time of explosion, of certain of 
the constituents which exist in the ultimate gaseous products, and 
that during the expansion in the bore of the gun and the concomitant 
fall of temperature, the compound gases existing in those ultimate 
products are gradually formed. He,"*" indeed, points out that the 
effects of dissociation must not be exaggerated, and that the decom- 
posing influence of high temperature in the case of an explosion may 
be altogether or in part compensated by the inverse influence of 

^ Bexthelo% Farce de la Foudre^ etc. ^ 1S72^ -p, 
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pressiire. Having subject our careful consideration, we 

cannot even go so far as Berthelot does in accepting tbe view that 
the results of explosion of powder in a gun are at all affected by 
dissociation, the occurrence of which we cannot consider probable, 
even when the pressure to which the gases are subjected in the bore 
of a gun is relieved to the maxinaum extent. 

It is perhaps, however, worth while examining what would be 
the effect on the pressure if the particular case of dissociation to 
which we have^alluded above actually occurred. 

Among the products of combustion of 1 grm. of powder is ’28 grm. 
of CO 2 , occupying, at 0° Cent, and 760 mm. pressure, 142 c.c. ; now if 
we suppose this OOg dissociated into CO and 0, the 142 c.c. of CO^ 
would become 213 c.c. of the mixed gases, and the total quantity 
of gas generated by a grm. of powder (282 c.c.) would become 
■ 353' C.C. ., /■■■■■ ■ ' ■ 

On the other hand, the *28 grm. of COg contains *0764 grm. Cent., 

. which, burnt to COg, gives rise to 611 grm.-units, or burnt to CO, 
gives rise to 187 grm.-units. 

How if a molecule of carbonic oxide, in combining with another 
atom of oxygen and burning to carbonic anhydride, generates 424 
units of heat, it is obvious that the reverse process, or dissocia- 
tion of the carbonic anhydride into carbonic oxide and oxygen, must 
absorb precisely the same amount of heat. 

Hence the dissociation we have supposed would absorb 424 grm.- 
units of heat, and the consequent loss of temperature would reduce 
the pressure in a degree that would far more than compensate for 
the increment due to the increase of volume by dissociation. 


(h) TENSION OF FIREB GUNPOWDER OBSERVED IN A CLOSE VESSEL. 

As it was one of our principal objects to determine with as much 
accuracy as possible, not only the tension of fired gunpowder when 
filling completely the space in which it was exploded, but also to 
determine the law according feo which the tension varied with the 
density, it has been our endeavour to render both varied and 
complete the experiments instituted to ascertain these important 
points. 

In the first experiments described in this paper, as well as in the 
earlier series which formed the basis of Captain Hoble’s lecture 
delivered to the Eoyal Institution, the method adopted to determine 
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the variation' of pressure was as- follows: — The space,, in, which the 
powder was to be fired having been carefully established, ,the weight 
of the powder to be experimented with which would accurately ■ fill 
the , space w.as ascertained, and x%*, xir? of the vess,©! was 
successively filled with powder, which was then fired, and the 
resulting pressures determined. 

Later on it was found that, as with each description of powder the 
gravimetric density varied, it was more convenient to refer the pressure 
not, as at first, to a density arrived at by taldng the vieight of powder 
which completely filled a given space as unity, but to the specific 
gravity of water as unity. The densities given hereafter must therefore 
be taken to represent the mean density of the powder inclusive of the 
interstitial spaces between the grains, or, what is the same thing, the 
mean density of the products of explosion referred to water as unity. 
The gravimetric density of the modern pebble powder closely approxi- 
mates to 1 f that of the old class of cannon-powders, such as L. Gr., 
E. L. Gr., etc., varied generally between f *870 and ‘920 *, that of F. G. 
and sporting-powders w^as still lower. 

The results of the whole of our experiments, as far as they relate 
to tension, arranged according to the three descriptions of the powder 
used and to the density of the products of explosion, are given in 
Table 5. The experiments numbered with an asterisk are taken 
from the earlier series made by Captain Noble. They accord very 
well with the present experiments ; but the powder used in the first 
series not having been analysed, we are not prepared to say that it 
was of exactly the same constitution as the corresponding kind of 
powder used in the present experiments, although the difference could 
of course be but very trifling, it being gunpowder of Waltham -xibbey 
manufacture, which, as shown by the analyses given in Table 2, 
varies very little in composition. 

* This statement applies only to the powder taken in considerable bulk. In our 
explosion-vessels, the gravimetric density, when they were completely filled, did 
not exceed, with pebble-powder, *92 or *93. The statement, therefore, that the 
powder was fired in so many per cent, of space does not actually refer to the space 
occupied in the chamber, but to a chamber of a size that would hold powder of our 
standard density. 

t Boxer, Gen., R.A., Treatise on Artillery, 1859, p. 21. Mordecai, Major, 
U.S.A., 0 % Washington, 1845, p. 187. 
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Table pressures actually observed^ in tons per square inch^ with 

'■■F, G,, B, L. G., and Pebble powders for various densities of the products 
of explosion. 


' Mean 
density of 
products 
of explosion. 

Nature of Powder. 

Mean 
density of 
products 
of explosion. 

Nature of Powder. 

F. G. 

B. L. G. 

Pebble. 

F. G. 

E. L. G. 

Pebble. 

Pressure 
in tons 
per 

sq. f!ieh. 

Pressure 
in tons 
per 

sq. inch. 

Pressure 
in tons 
per 

sq. inch. 

Pressure 
in tons 
per 

sq. inch. 

Pressure 
in tons 
per 

sq. inch. 

Pressure 
in tons 
per 

sq. inch. 

•0940 


1*6 


•5000 

10*48 

10*48 


T 064 

1-66 


1*39 

•5000 

10*20 

10-70 


•1064 

1*35 


1*26 

•5000 


11-10 


•1064 

0-96 


1-28 

*•5300 


* 11-80 


•1973 


2-67 


•5322 

11*48 


12-20 

•2000 



2-70 

•6000 

14*14 

14-36 

13-78 

•2114 



2-93 

•6000 



13-50 

•2129 

3-70 



•6000 


... 

14*80 

•2129 

3-58 



*•6100 


* 15-6 


•2129 

3-00 



*•6200 i 


* 16-8 


•2963 


6-40 


•7000 : 

18*2 

19*54 

18-60 

•3000 



5 ’*40 

•7000 

tl 8*9 


tl 7-00 

•3171 



4*90 

*•7500 


* 21-90 


•8193 

6'-75 



•8000 

23*20 

24*40 

28-60 

•3193 

6*32 



•8000 

27*10 

23-20 

24-20 

*•3800 

... 

* 8-5 i 


•9000 

27*20 

35-6 1 

33-40 



* 7-7 


•9000 



31-60 

•3860 

7*68 



•9000 



31-40 

•3947 


8*1 


*•9000 


* 33*1 


•4258 

9-34 


8-40 



* 30-7 


•4258 1 



9*10 



"'31 *9 


•4615 ! 

8*68 


... 

•9150 


34*5 


•4893 .1 

10*14 



•9300 


36*2 


• 4934 ' 


li '-50 


•9300 


* 34-0 

§ 35-0 


t R. F. G. powder. J Spanish spherical pellet. § Pellet. 


We have laid down on Plate XIL, p. 230, the whole of these experi- 
ments. The pressures given by the pebble and the E. L G. are nearly 
identical ; we have therefore considered them so, and have drawn but 
one curve to represent their mean results. The curve representing 
the pressures given by the P. G., although nearly identical with the 
pebble and E. L. G. at the lower densities, does not coincide at the 
Mgher densities. A separate curve has therefore been drawn for 
this powder. The lower tension is perhaps accounted for by the 
difference between the quantity of permanent gas yielded by it and 
by the other two powders. 

The corrected values of the tension, in terms of the density of 
the different powders, as indicated by the curves, Plate XII., p. 230, 
are given in the following table : — 
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Table, 6 . — Shotmnff the premire eorresponding to a given dmmtif of tlw itroduefs 
■ of explosion of F, «?., M. L, and Pebble powders, m dedtmd from aefimi 
observation, in a- close msseL The pressures are given in tom per square 
inch, atmospheres, and kilogrammes per square centimetre. 


Mean density of 
products of 
explosion. 

Corresponding pressures for Pebble 
and B . L. G. powders. 

Corresponding p,ressiires for ,, 

F. G. powder. 

. ... 

In tons 
per 

sq. inch. 

In 

atmospberes. 

la kilos, 
per sq. 
centimetre. 

Ill tons 
jier 

sq. incb. 

In 

In kilos, 
per sq. 
centimetre. 

*05 

0*70 

107 

110-2 

0*70 

107 

110*2 

•10 

1*47 

224 

231*5 

1*47 

224 

231*5 

■ -15 

2*33 

355 

367*0 

2*33 

355 

367*0 

•20 

3-26 

496 

513-4 

3*26 

497 

513*4 

•25 

4-26 

649 

670-9 

4-26 

650 

670*9 

*30 

5*33 

812 

839*4 

5*33 

812 

839*4 

•35 

6*49 

988 

1028*1 

1 6*49 

988 

1022*1 

•40 

7*75 

1180 

1220*5 

i 7*74 

1179 

1219*0 

*45 

9-14 

1392 

1439*5 

1 9*10 

1387 

1433*2 

•50 

10*69 

1628 

1683*6 

1 10*59 

1614 

1667*8 

*55 

12*43 

1893 

1957*6 

12*22 

1863 

19 . 24-5 

•60 

14-39 

2191 

2266*3 

14*02 

2136 

, 2208*0 

*65 

16*60 

2528 

2614*3 

16*04 

2445 

2 . 626*1 

•70 

19*09 

2907 

3006*5 

18*31 

2790 

2883-6 

•75 

21*89 

3333 

3447*5 

20*86 

3179 

3285-2 

•80 

25-03 

3812 

3942*0 

23*71 

3613 

3734*1 

•85 

28 *54 

4346 

4495*0 

i 26*88 

4096 

4233*3 

•90 

32-46 

4943 

5112*1 

30*39 

4632 

4786*1 

•95 

36-83 

5608 

5800*4 

34*26 

5190 

5335*6 

1-00 

41-70 

6350 

6567*3 

38*52 

6870 I 

. 6066*5 


111 coEsiclering the pressures indicated, the question naturally 
arises as to how their value would be affected if the charges were 
greatly increased ; or, to put the question in another form, it may be 
inquired whether the tensions indicated by our experiments are 
materially affected by the cooling influence of the vessel in which the 
explosion is conducted. 

We think there are very strong grounds for * assuming that the 
pressure is not materially affected by the above circumstances, except 
in eases where the density of the products of explosion is low, and 
the quantity of powder therefore very small as compared with the 
space in which, it is fired. 

Thus it will be observed that the pressures obtained in Experi- 
ment 2 and in Experiments 65, 66, and 68 compare very -well (the 
density being about the same), although the quantity of powder 
fired in the first case is only half of that fired in the last three 
experiments., , 


L. 
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Again, if there were any considerable decrement of pressure duo 
to loss of heat, we should expect to find that the tension indicated 
would be higher when means are taken to ensure rapidity of com- 
bustion, Such, however, is not the case; for if reference be made 
to Experiments 70 and 71, in which the charges were fired by 
means of mercuric fulminate, it will be observed that the tension 
realised in these experiments was not materially higher than when 
the powder was fired in the ordinary way. 

We may ci4e also, in support of our view, some interesting obser- 
vations made during some earlier experiments, in which charges of 
10,500 grains (680*4 grms.) E. L. G-. and pellet powder were fired in 
chambers entirely closed with the exception of a vent *2 inch (5*08 
mm.) in diameter. 

With the former powder the pressure realised under these 
circumstances was 36*2 tons per square inch (6513 atmospheres), 
with the latter 17*3 tons (2634 atmospheres). This large difference 
was due to the slower combustion of the pellet-powder, upon the 
ignition of which, therefore, a large part of the products of com- 
bustion escaped by the vent before the whole of the powder was 
fired. When, however, the same powders were fired in vessels 
absolutely closed, the pressure indicated by the pellet-powder 
was more than doubled (being 35 tons per square inch, or 5330 
atmospheres), while the pressure indicated by the E. L. G. was 
practically the same (being 34 tons per square inch, or 5178 
atmospheres). 

From the experiments made by the Committee on Explosives, we 
are able to name approximately the absolute time that would be con- 
sumed in burning a charge of E. L. G. and of pebble, assuming that 
the powder be confined. With E. L. G. the time would be approxi- 
mately ‘00128 second, with pebble approximately *0052 second. Of 
course these figures must vary greatly with different powders, as 
they depend not only on the nature, size of grain, and density of the 
powder, hut also on the mode of ignition. They are interesting, 
however, as indicating the minuteness of the times involved, and the 
relatively much larger time required for the decomposition of the 
pebble-powder. It follows, from the accordance of the pressures in 
the experiments just referred to, when powders differing so con- 
siderably in rapidity of combustion are fired in close vessels, that 
there is no very appreciable difference in pressure due to the 
longer time taken by the pebble-powder to consume under these 
conditions. 
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But ■ the strongest, and at the same time an altoge.ther inde- 
pendent, corroboration of our view is derived from the experiments ' 
upon the pressures .exerted in the bores of guns by the action, of the 
charge, 

Not only do these pressures, as obtained by observation, agree 
with most remarkable accuracy with the theoretical pressures 
deduced from the experiments in a close vessel, but, when in large 
guns the tensions due to different charges are compared (not with ■ 
reference to the position of the shot in the bore, buttvith reference 
to the mean density of the products of explosion), a most striking 
accordance is found to exist. We may therefore conclude that, 
where powders such . as those we have exjjerimented with are 
employed, there is but a trifling correction to be made in the observed 
pressure when the powder entirely fills the space in which it is fired, 
or, indeed, whenever it occupies a considerable percentage of that 
space. But though the pressure may not be seriously affected when 
the generated gases are of a high density, it is more than probable 
that some very appreciable correction should be made in the results 
we have observed when experimenting with gases of low density. In 
this latter case the cooling influence of the vessel would be greatly 
increased, not only from the higher ratio which the cooling surface 
bears to the charge, but also from the slowness of combustion due 
to the comparatively feeble pressure ; and we think the effect of slow 
combustion is clearly traceable in the low tensions observed with 
pebble-powder (See curve, Plate XII., p. 230) at densities of 1, *2, 
and *3, as compared with those given at corresponding densities by 
F. Gr, powder, the combustion of which would be much more rapid. 
But we shall return to this point when we compare our results with 
those demanded by theory. 

Upon the same plate (Plate IX., p. 230), on which we have given 
curves , representing the experiments of Rumford and Eodman, there 
is also laid down a curve representing our own experiments. The 
very high results obtained by Eumford are probably in great measure 
attributable to Ms metlied of experiment. The charges being placed 
at one end of Hs little vessel, wMle the weight to be lifted, so to 
speak, closed the muzzle, the products of combustion acquired a high 
ms vim heiom striking the weight, and thus indicated a much higher 
pressure than that due to the tension of the gas, just as in EoMns's 
well-known experiment a musket-barrel may be easily bulged or 
burst by a bullet placed at some distance from the charge. That 
Eumford’s and even Piobert*s corrected estimate of the tension of 
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fired gunpowder was very excessive, is of course indisputaMy proved 
by our experiments, as the vessels in which they were made were 
quite incapable of resisting pressures at all approaching those 
assigned by these eminent authorities. 

Eodmatf s results are also too high, from a defect in the applica- 
tion of his system of measurement, which has elsewhere* been 
pointed out ; and his experiments on the ratio of tension to density 
were not carried sufficiently far to admit of comparison in the more 
important portSon of the curve. 

{ 1 } DBTEEMINATIOH OF HEAT GENERATED BY THE COMBUSTION OF 

GUNPOWDER. 

The amount (that is the number of units) of heat liberated by 
the combustion of gunpowder is determined from Experiments Nos, 
46, 47, 48, 49, and 63. (See pp. 221, etc.). 

The powder used was the R. L. Gr. and F. Gr. ; but as it was found 
that there was no material difference in the heat liberated, we have 
drawn no special distinction between the experiments made with the 
two brands. 

In each of the Experiments Nos, 46, 48, and 63, 3800 grains 
(246 '286 grms.) were exploded; and when the necessary reductions 
were made to convert the alterations in temperature which were 
observed into their equivalents in water, it was found that in Experi- 
ment 48 the explosion of 246*286 grms. F. G. was sufficient to raise 
173,077*4 grms. of water through 1° Cent. In Experiment 48, the 
explosion of the same quantity of E. L. G. was equivalent to raising 
172,569 grms. of water through 1° Cent., and in Experiment 63 to rais- 
ing 171,500 grms. through I"" Cent. ; or, expressing these results in a 
different form, it appears that the combustion of a grm. of powder 
gave rise to quantities of heat represented by raising a grm. of 
water through 702°*80 Cent., 700°'69 Cent., and 696°*50 Cent, 
respectively. 

In Experiments 47 and 49, the charge used was 393*978 grms.; 
and it was found that in Experiment 47 the heat generated by the 
explosion of the F. G. was sufficient to raise 277, 994*1 grms. of water 
through 1° Cent, ; and in Experiment 49 the explosion of the same 
quantity of E. L. G. generated heat represented by the raising 
of 278,185*5 grms. through 1° Gent.,— or, in the two experiments, 

Noble, foe. p. 25 ; No. 48, p, 1138. 
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1 grm. ' of , powder gave rise respectively to 705"61 and t06‘09 . 
grni.-Tiiiits. ' , , 

The. mean of the whole of these experiments gives 702’34 gnn.- 
iinits of heat generated by the explosion of a grm. of powder, and we 
shall probably have a very close approximation to the truth in 
assuming it at , 705 grm.-units. 

From this datum the temperature of explosion may be deiuead, if 
we know the mean specific heat of the products of combustion. ' We 
have only to divide 705 by the specific heat, and th^ result is the 
required temperature. 

The specific heat of all the gaseous products of eoinbustioii are 
known ; and they have also been determined for the principal solid 
products at low temperatures, when they are (of course) in the solid 
form. 

Bunsen and Scliischkoff, from their experiments, deduced the 
temperature of explosion on the assumption that the specific heats of 
the solid products remain invariable over the great range of tempera- 
ture through which they pass. 

With every deference to those distinguished chemists we think 
their assumption is quite untenable. Without, we believe, any 
known exception, the specific heat is largely increased in passing 
from the solid to the liquid state. In the case of water, the specific 
heat is doubled ; the specific heats of bromine, phosphorus, sulphur, 
and lead are increased from 25 to 40 per cent., and those of the 
nitrates of potassium and sodium nearly 50 per cent., while it is more 
than probable that, even with liquids, the specific heat increases very 
considerably with the temperature. 

We shall, however, deduce from our experiments the temperature 
of explosion on Bunsen and Schischkoff's hjrpothesis, both with the 
view of enabling our results to be compared with theirs, and for the 
purpose of fixing a high limit to which it is certain the temperature 
of explosion cannot reach. We shall afterwards endeavour, to 
estimate more accurately the true temperature. 

The data necessary for computing the specific heat of a grm. of 
exploded powder are given in the subjoined table. 


[Table 7. 
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Table 7 .— the specific heats and proportions of the products generated 
hy the combustion of gunpowder. 


1. 

Products of combustion. 

2. 

Proportion 
in a 

gramme. 

s. 

Specific 

heat. 

4. 

Authority. 

'6., 

Droducts 
of columns 

2 and 3. 

fSolid *0684. 

Potassium carbonate 

•3382 

•206 

Kopp 

•06967 

„ liyp<ffeulphite . 

•0355 

•197 

P^e 

•00700 

,, sulphate . 

•0882 

•196 

Kopp 

•01729 

„ sulphide . 

•0630 

*108 

Bunsen 

•00680 

„ sulphocyanate . 

*0009 

•239 



„ nitrate 

Ammonia carbonate . 

•0006 

Kopp 

*00014 

*0006 

•in 


Sulphur . . . . 

•0414 

Bunsen 

•00708 

Carbon . 

•0000 

•242 

Regnault 


Qaseous *4316, 

Sulphuretted hydrogen . 

•0113 

At constant 
volume. 

•184 

Clausius 

•00208 

Oxygen .... 

•0000 

*155 

,, 


Carbonic oxide . 

•0447 

•174 

'9 9 '1 

•00778 

Carbonic anhydride . 

•2628 

•172 

99 

•04520 

Marsh-gas .... 

•0005 

•468 

99 

•00024 

Hydrogen . 

•0010 

2*411 

99 

•00241 

Nitrogen .... 

•1113 

•173 

99 

•01925 





•18494- 


Adding up the numbers in column 5 , we obtain *18494 as 
the mean specific heat of the products of explosion of a grin, of 
powder at ordinary temperatures; and since, as we have said, the 
temperature of explosion is obtained by dividing the grm. -units 
of heat by the specific heat, we have the temperature of explosion 
= 71^ = 3812° Cent.; and we may accept this figure as indicating a 
temperature which is certainly not attained by the explosion of gun- 
powder. We defer until further on the consideration of the actual 
temperature, 

(m) DETEEMINATION OE YOLUHE OF SOLID PEOBUOTS AT OEDINAEY 

TEMPEEATUEES. 

The space occupied by the solid products of combustion at 
temperatures but little removed from 0°, is deduced from experiments 
Nos. 46, 48, 49, 57, 58, 60, 61, and 62. From these experiments it 
■appears 'that 

246*29 grms. R. L. G. gave rise to 76*46 c.e. solid residue. 

246*29 „ F. G. ,, 67*26 „ 

393*98 „ R. L. G. „ 123*12 „ „ 
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386‘21 grms. F. G. gave rise to 
386-21 „ R. L. G. 

386-21 „ P. 

386-21 „ R. L. G. 

386-21 „ F. G. 

Or, stating the results per grm. of powder, it appears that in the 
several experiments the solid products arising from the combustion 
of a grm. of powder occupied respectively -3105, -2731, -3125, -2987, 

•2869, *2894, *2726, and ■2810 e.c. ** 

The mean of these figures is *2906 ; . and we may thence' conclude 
that at O'" Cent, the solid residue of 1 grm. of burned powder occupies a 
volume closely approximating to *29 c.c. ; therefore, since the solid 
products represent 57 per cent, of the original weight of the powder, 
it follows that at 0"^ Gent, the specific gravity of the residue is about 1‘4. 

(n) PRESSUEE IN CLOSE VESSELS, DEDUCED FROM THEORETICAL 
CONSIDERATIONS. 

From the investigations we have described, it appears that in a 
close vessel, at the moment of explosion, or at alb events shortly 
afterwards, the results of the decomposition of a given charge (say 
1 grm.) of powder such as We hare experimented with, are as 
follows: — 

1. About 43 per cent, by weight of permanent gases, occupying 
at 0° Cent, and under a pressure of 760 mm., a volume of about 
280 c.c. 

2. About 57 per cent, by weight of liquid product, occupying, 
when in the solid form and at 0° Cent., a volume of about *3 o.c. 

Now, if we assume that the conditions known to exist shortly 
after explosion obtain also at the moment of explosion, we are able; 
with the aid of our experiments, to compute the pressure, tempera- 
ture of explosion, and volume occupied by the permanent gases. We 
propose to make these calculations, and then, by comparison with the 
■ results obtained under the varied conditions adopted in our experi- 
ments, to form 'an estimate of the correctness of our assiiiiiptiori. 
And, first, to establish a relation between the tension and the mean 
density of the products of explosion at the moment of ignition,— , ' 

Let ABCD (Plate XI., Fig. 4,. p. 230) represent the interior of the 
vessel, of volume in which the experiments were made. Let CDEF 
represent the volume of a given charge of powder placed in the 
. vessel. Let 8 be the ratio which ■ the volume CDEF bears, to/ 'ABCD, 


115*34 C.C. 
110*81 „ 
111*78 „ 
105*30 „ 
108*54 „ 


solid reskiue. 

,5 

» . ■ 
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and let ODHG (mS suppose) be the volume occupied by the liquid 
products at the moment and temperature of explosion. 

It is obviously, for our present purpose, a matter of indifFerence 
whether we suppose the liquid products collected, as in the figure, at 
the bottom of the vessel or mixed with the permanent gases in a 
finely divided state. 

Our conditions on explosion, then, are : — We have the space 
CDHG = 'yad occupied by the fluid residue, and the space ABHG = 
^(1 — aS) by th# permanent gases. 

Hence, since the tension of the permanent gases will vary 
directly as their density, we have, if ^ represent the pressure and D 
the density, 

p:= RD3 . , . . , (1) 

where E is a constant. 

Now suppose the charge exploded in the chamber to be increased. 
In this ease, not only is the density of the permanent gases increased 
on account of a larger quantity being generated, but the density is 
still further added to, from the gases being confined in a smaller 
space; the liquid residue CDHG being increased in a like propor- 

S 

tion with the charge (D, in fact, varying as we have 


or if ^ 0 , be corresponding known values of and < 5 , 

Po(l - 6 


In taking the tension of the permanent gases to vary directly as 
their density, we have of course assumed that the temperature, 
whatever be the value of S, is the same. 

In our experiments, the charges exploded have varied in quantity 
from that necessary to fiU entirely the chamber to a small fraction of 
that quantity; but whatever the charge, it is obvious that if the 
vessel be considered impervious to heat (and we have already pointed 
out that only with the lower charges is there a material error due to 
this hypothesis), the temperature at the moment of explosion would 
be the same ; for, as in the case of Joule's celebrated experiment, 
any heat converted into work by the expansion of the gases would 
again be restored to the form of heat by the impact of the particles 
against the sides of the vessel. 

Returning to (3), the value of the constant a in this equation has 
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yet to be foiinci. If, from Table 6, .we take out a second pair of 
corresponding values Si, a is .determined, and will be found = * 65 , 
very nearly. Taking a = *65, and from Table 6, or the curve, Plate 
XIL (p. 230), taking 4 = *6, j?tj=14*4'tons, Equation (3) becomes 

p=14-63^ ■ • • • (O 

Substituting in this equation successively values of <5*05, *1, 15, etc., 
we obtain computed values of p, which we eomp§re with those' 
derived directly from observation in Table 8. 

Tablig 8 . — Showing the eomparison, in atmospheres and tom per square ineh^ 

, , between the pressures actually observed in a close vessel, and those mkulatejl 

from the formula p = 

5q 1 - ao 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

Density 


Value of p 

Value of p 


Value of p 

Value of p 

Value of p 

deduced 

deduced 

Value of p 

deduced 

. deduced 

of 


from 

from 


from 

from 

products 

direct 

Equation (3) 

Equation (3) 

direct 

Equation fSl 

Equation (S) 

of com- 
bustion. 

observation. 

wlien 
(X= *65. 

when 
a = *60. 

observation. 

■ when 
a = *65. 

when 

a = *6. 


Tons 

per sq. inch. 

Tons 

per sq. inch. 

Tons 

persq. inch. 

Atmospheres. 

Atmospheres. 

Atmospheres. 

•05 , 

0-70 

•758 

•855 

107 

115 

■ ,'l30 

•10 

1-47 

1*565 

1-765 

224 

238 

269 

•15 

2*33 

2-432 

2-734 

355 

370 

416 

•20 

3*26 

3*363 

3*771 

496 

512 

574 

•25 

4*26 

4*367 

4*879 

649 

665 

743 

•30 

5*33 

■ 5-452 

6*071 

812 . 

830 

. 924 

•35 

i 6-49 

6*628 

7*350 

1 988 

1009 

1119 

•40 

1 7-75 

7-908 

8*732 

1180 

1204 

■■ 1330 ' 

*45 

9-14 

9*305 

10*228 

! 1392 

1417 ■ 

1557 

•50 

10-69 

10*837 

11-851 

1628 

1650 . 

1805 

•55 

I 1,2*43 

12-524 

13-620 

1893 

1907 

2074 

•60 

! 14-39 

14*390 

15*554 

2191 

2191 

■ 2369 

*65 

16-60 

16*466 

17*679 

2528 

2507 

2692 . 

•70 

19-09 

18*791 

20-024 

2907 

2861 

3049 

*75 

21-89 

21*410 

22*625 

3333 

3260 

3445 

•80 

25-03 

24*383 

25-525 

3812 

3713 ■ 

3887 

•85 

28-54 

27*789 

28-780 

4346 

4232 

4383 

•90 

I 32-46 

31*728 

32-460 

4943 

4831 

4943 

•95 

36-83 

36*336 

36-654 

5608 

5538 

5582 

1-00 

41-70 

41*698 

41-477 

6350 

6350 

6316 ' 


Now if the figures given in columns '2 and, 5, being those derived 
from the observations themselves corrected by differencing, be com- 
pared with the values given in columns 3 and 6, computed on the 
value a = *65 (that is, on the assumption that at the temperature of 
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explosion the liquid residue of 1 grm. of powder occupies *65 c.a), it 
will be found that the two columns are practically identical, thus 
aflfbrding a confirmation of the strongest nature of the correctness of 
our assumption. The closeness of agreement will be best seen by 
examining the graphical representations in Plate XIII. (p. 230). We 
have already, however, had more than once occasion to remark that 
there is reason to suppose that the observed pressures are slightly in 
defect, at all events at low densities. Other considerations have led 
us to the conckision that a value of a not far removed from '6 would 
more nearly represent the truth, were all disturbing influences 
removed. We have therefore added to the above table the pressures 
■computed on this hypothesis ; and Plate XIII. (p. 230), shows at a 
glance the comparison between the three curves. 

(o) DETEEMINATION OF THE TEMPEEATUEE OF EXPLOSION OF 
GUNPOWDEE. 

We are now in a position to compute the temperature of 
explosion; 

Since and ^ are, in the case of permanent gases, connected by 
the equation of elasticity and dilatability, 

py — Rif . . . . . (5) 


(where E is a constant and t is reckoned from absolute zero), t will be 
known if p, % and E be known. 

Now if we assume a = ‘6, it follows that in the combustion of 
1 grm. of powder (gravimetric density = 1) the gaseous products will, 
if the powder entirely fill the chamber in which it is placed, occupy 
a space of 4 e.c. But we know that, at 0° Cent, and under a baro- 
metric pressure of 760 mm., the gaseous products of 1 grm. occupy a 
space of about 280 c.o. Hence at 0° Cent., if the gaseous products 
are compressed into a space of *4 c.c., we have a pressure of 700 
atmospheres; and since absolute zero = —274° Cent., we have, in the 
equation = Eif^, the values = 700, % = 4, = 274 ; 


Hence (5) becomes 


_ 700 X 4 
274 


1*0218 


py = l*0218if 


( 6 ) 


Now under the above conditions, but at the temperature of explosion, 
we have, from Table 8, j?=: 6400 atmospheres, and, as before, 'y = 4. 
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Therefore' 


t = 


6400 X *4 
1*0218 


2505 


( 7 ) 


and this is the temperature of explosion reckoned from, absolute 
.zero. , Subtracting 274° from this temperature to reduce the scale/ to 
Centigrade, we have teniperature of explosion = 2231° Cent. 

If assume a = *65, the temperature of explosion deduced in 
the same way would be 1950° Cent.; but this temj^erature, as we 
shall shortly show, would be somewhat too low. 

We have now three points to consider : — 

1. Is this temperature a probable one? and can any direct 
experimental facts be adduced to corroborate this theoretical 
deduction ? 

2. What is the mean specific heat of the solid or liquid products 
which the above temperature implies ? and 

3. Can any corroboration be given to the high rate of expansion 
of the solid residue implied by assuming the value of a as = *6 ? 

With regard to the direct estimation of the temperature of 
explosion, we have made several experiments with the view of 
obtaining this rOxSiilt, by ascertaining the effects of the heat developed 
on platinum. For example, in Experiment 78 we introduced into 
the charge of R F. Q-. a coil of very fine platinum wire and also a 
piece of thin sheet platinum. After the explosion the sheet platinum 
was found much bent, but unmelted ; but on examination with a 
microscope there were evident signs of a commencement of fusion on 
the surface, and a portion of the fine platinum wire was found welded 
on to the sheet. The coil of wire was not to be found, but portions 
of it were observed welded to the sides of the cylinder. 

Now we know that platinum is readily volatilised when exposed 
to the hydrogen-blowpipe at a temperature of about 3200° Cent., and 
therefore, if the temperature of explosion had approached this point, 
we should have expected the very fine wire to be volatilised; re- 
membering the low speGifi,c heat of platinum, we should furthermore 
have been warranted in expecting more decided signs of fusion in the 
sheet 'metal. 

Again, in Experiments 84, 85, and 68, pieces of platinum wire, 
'03 inch (0*75 mm.) in diameter and 4 inches (100 mm.) long, were 
placed in the cylinder with considerable charges of E. L G. and 
F. G. In none of these experiments did the platinum melt, although, 
as in the case of the sheet platinum, there w^ere signs of fusion on 


172 : EESEAECHES ON EXPLOSIVES 

the surfaces of the wires. In. Experiment ^79, however,; in which 
platiniim wire was placed with a corresponding charge of the Spanish 
powder, the wire was. fused, with the exception, of a small portion. 
With this powder, indeed, which is of a very different composition 
from the English powders, and decidedly more rapidly explosive in 
its nature, it is quite possible that a somewhat higher heat may have 
teen attained. But, as in one case the platinum wire was nearly 
fused, and in others it only showed signs of fusion, the conclusion we 
draw from th^ whole of these experiments on the fusion of the 
platinum is, that the temperature of explosion is higher than the 
melting-point of that metal, but not greatly so. IsTow, according to 
Deville, the melting-point of platinmn is nearly 2000° Cent. ; and 
hence we have a strong corroboration of the approximate accuracy of 
the theoretical temperature of explosion at which we have arrived, 
viz., 2231° Cent. 

(j)) MEAN SPECIFIC HEAT OP LIQUID PKOBUCTS. 

We have already given the specific heat of the liquid products 
when in the solid form. If we assume the temperature above 
specified to be correct, a mean specific heat of the liquid product of 
4090, or a total mean specific heat of the entire products of *3094, 
would result, being an increment of about 67 per cent. ; and this, 
judging from the analogy of the case we have cited, does not appear 
an improbable conclusion. 

(g') PBOBABLE EXPANSION OF NON-GASEOUS PRODUCTS BETWEEN ZERO 
AND TEMPERATURE OF EXPLOSION. 

So far as we are aware, there were, prior to our experiments, no 
data existing as to the behaviour of the non-gaseous products of com- 
bustion at the high temperature involved, except perhaps the experi- 
ment made by Bunsen and Sehischkoff, who exposed on platinum foil 
the solid residue in an oxyhydrogen jet, and concluded, from there 
being no eliullitiou, that at the temperature of 3300° Cent, the tension of 
the resulting vapour did not reach one atmosphere. Taking the circum- 
stances into account, we may indeed doubt if the residue itself actually 
reached the temperature we have named; but the experiment would 
at all events prove that, at the temperature which we find to be that 
developed by explosion, the solid or liquid products are not in the 
state of vapour, or at least that the small portion volatilised had but 
an insignificant tension. To test, however, the behaviour of the 
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residue for ourselves, we „ placed in one of Siemens gas-fiirnaces,:tlie 
temperature of which was estimated at ahoiit 1700° Cent., several 
crucibles containing powder-residue. The behaviour of the residue 
was in all cases ■ the same; at first there was a little spirting (prob- 
ably due to escape of water), which, however, soon diminished, and 
in time the contents of the crucibles became perfectly quiet, but up 
to the end of the experiment only a very slight volatilisation could 
be observed. In the ease of three of the crucibles, two of which 
contained powder-residue, the other a mixture of potassium carbonate 
and liver of sulphur, when removed from the furnance after l)eing 
exposed to the full heat for about a quarter of an hour, the volumes 
of the contents in the highly heated state were observed without 
difficulty. The contraction .in cooling was evidently very great, ■ 
especially at first. The contents set at a temperature of between 
700° and 800° Cent., and when cool the expansion was measured by 
calibration with mercury. The first crucible gave an expansion of 
77*8 per cent, between 0° Cent, and 1700° Cent. ; the second (potass, 
carb. and liver of sulphur) an expansion of 93*3 per cent. The third 
(powder-residue) gave a considerably higher rate of expansion, above 
100 per cent, ; but we have not included the result, as, owing to the 
presence of a piece of platinum put in to test the temperature of the 
f urnace, we were unable to make a very accurate measurement. 

Of course the expansions, under the conditions we have just 
named, cannot be strictly compared with those which would have taken 
place in a close vessel under the high tension we know to exist ; but 
they tend to confirm the results arrived at by a perfectly inde- 
pendent method. The experiments also show that, at a temperature 
approaching that developed by explosion, and under atmospheric 
pressure, the liquid products are still in that condition ; and our 
experiments so far confirm those of Bunsen and Schischkoff to which 
we have alluded. 

(r) OBSEEVED PRESSUEBS IH THE BORES OF GUNS. 

The data which we shall use for the discussion of the phenomena 
attending the combustion of gunpowder in ordnance are nearly 
entirely derived from the experiments carried on by the Committee 
on Explosives, under the presidency of Colonel Younghusband, F.E.S. 

Two methods, of an entirely distinct nature, were employed by 
the Committee for the elucidation of the questions they had to 
consider. 
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One method consisted in' determining the tension of the gas at 
various points in the bore, by direct measurement. ; 'The other' mode 
consisted in measuring the time at -wMeh the projectile passed' certain 
fixed points in the bore,; thence 'deducing the .velocities from the seat 
of the shot to the muzzle, and finally obtaining, by calculation, the 
ga^soous pressure necessary to' generate the observed velocities. 

The apparatus used , for ' determining the ' tension by direct 
measurement was., the crusher-gauge, which,, . we have already 
'described; tln^ for ascertaining the velocity was a, chronoscope, 
specially designed for, measuring -very minute intervals ,of .time. , As 
the construction of this ■, instrument has. been fully explained .else- 
where, we shall only here;'give"-a vary general description of it.. 

Its most recent form is shown in ..plan., and ., elevation in Plate 
XIV., Figs. 1 and 2 (p. 230).',.' The m-eehanical. part, consists .of a series 
of thin discs, A, A, etc., 36 inches in circumference, keyed on to , a shaft, 
S, and made to rotate, at 'a very 'high and .uniform velocity, through 
the train of wheels F, by means of, a very heavy descending .weight 
at B, arranged, to .avoid an, inconvenient . length of chain, .upon /a 
plan originally proposed hy Huyghens., This weight is . eontmually 
wound up by means, .of . the fly-wheel and. handle at, T. . 'The stop- 
clock D, which can be connected or disconnected with .the shaft 'E .at, 
pleasure, gives the precise speed , of the circumference .of the discs, 
,wdiieh is .usually arranged at about' 1260 .inches a second. 

.. The .re:cord.ing arrangement ..'is as follows : — ^Each disc is furnished 
with an induction-coil, G, the primary wire from which is conveyed 
to any point, K, in the gun where we . may wish to record the instant 
at which the shot passes. There, is at each such point a special con- 
trivance, by which the- 'shot' in passing severs the primary wire, 
thereby causing a discharge '.from the secondary, which is connected 
with the , discharger, ■ Y. The spark records itself on the disc by 
means of paper specially prepared to . receive it. The instrument is 
capable of recording the millionth part of a second, and, when in good 
working order, the probable error of a single observation ,should.not 
exceed 4 or 5 one-inillionths of a second. 

The guns were arranged for. the experiments as, shown in Fig. 3 
in the same plate. Holes 'were drilled in the powder-chamber in 
the positions Kiarkad ' A,. B,.''C,. and in the bore in the positions 
marked 1 to 18. 

In A, B, and 0, crusher-gauges were always placed; the holes, 
numbered 1 to 18, were fitted with crusher-gauges or the chrono- 
scope-plugs at option.,. 
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, It would be , beside our ■ object, in' this paper to, enter into a,: 
discussion of the special experiments undertaken by, the. Committee , 
on Explosives. The chief object of. their investigations was, to 
determine the nature of powder most suitable for 'use with heavy 
guns— that is to say, the powder which 'will allow of the highest effect 
being realised without unduly straining the structure within which 
the explosion is confined. A number of experiments were therefore 
made with powders of abnormal types, interesting and instructive 
only to artillerists; and these experiments will douj^tless be fully 
reported on at a later date, by the proper authorities. 

In our present paper we shall confine our attention chiefly, if not 
entirely, to the results obtained with the well-defined and well-known, 
powders which have been admitted into the service for use with 
rifled guns, and which are known under the names of Rifled Large 
Grain” and “Pebble.” These powders are, moreover, the same as 
were used by us in our experiments in closed vessels, and therefore 
allow of a strict comparison with the tensions so obtained. But- 
before giving the details, we cannot pass without notice certain 
differences in the results obtained by means of the two modes of 
experimenting to which we have alluded. 

With pebble and other powders, where a slow and tolerably 
regular combustion takes place, the maximum tension of the gas, 
obtained both by direct measurement and by the chronoscope, agrees 
remarkably closely. There is generally a very slight difference 
indeed between the indicated pressures; but the case is greatly 
different where the powder is of a highly explosive or quickly burn- 
ing description. In such a case, not only are the pressures indicated 
by tbe crusher-gauge generally much above those indicated by the 
chronoscope, but they differ widely in various parts of the powder- 
chamber, in the same experiment, and even in different parts of the 
same section of the bore. They are also locally affected by the form 
of the powder-chamber, and frequently indicate pressures consider- 
ably above the normal tensions that would be attained were the 
powder confined in a close vessel. 

It is not difficult to explain these anomalies. When the powder 
is ignited comparatively slowly and tolerably uniformly, the pressure 
in the powder-chamber is also uniform, and approximates to that due 
to the density of the products of combustion. 

The crusher-gauges, then, give similar results throughout the 
powder-chamber, and they accord closely with the results deduced 
from the chronoscope observations. But when a rapidly lighting oi" 
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brisaiite '' powder is used, the products of combustion of the portion 
first ignited are projected with a very high velocity through, the 
interstices of the charge, or between the charge and, the bore; nnd 
on meeting with any resistance their vis viva is reconverted into 
pressure, prodiieing the anomalous local pressures to which we have 
drawn atteiitiom 

We have pretty clear proof that, when this intense local action is 
set up, the gases are in a state of violent disturbance, and that waves 
of pressure pam backwards and forwards from one end of the charge 
to the other, the action occasionally lasting the whole time that the 
shot is in the bore. In fact, with the rapidly burning, and in a less 
degree even with the slower burning powders, motion is communi- 
cated to the projectile not by a steady, gradually decreasing pressure 
like the expansive action of steam in a cylinder, but by a series of 
impulses more or less violent. 

The time during which these intense local pressures act is of 
course very minute; hut still the existence of the pressures is 
registered by the crusher-gauges. The chronoscopic records, on the 
other hand, which are, so to speak, an integration of the infinitesimal 
impulses communicated to the shot, afford little or no indication of 
the intensity of the local pressures, but give reliable information as 
to the mean gaseous pressure on the base of the shot. 

The two modes of observation are, as we have elsewhere pointed 
out, complementary one to the other. The chronoscope gives no clue 
to the existence of the local pressures which the crusher-gauge shows 
to exist ; while, on the other hand, where wave or oscillatory action 
exists, the results of the crusher-gauge cannot be at all relied on as 
indicating the mean pressure in the 230wder-chamber. 

An interesting illustration of this distinction was afforded by 
two consecutive rounds fired from a lO-inch gun, in one of which 
wave-action was set up, in the other not. In both cases the pro- 
jectile quitted the gun with the same velocity, and the mean pres- 
sure throughout the bore should of course have been the same. The 
chronoscopic records were, as they ought to be, nearly identical for 
the two rounds ; but the pressures indicated by the crusher-gauge, 
were in the one round, at the points A, B, C, 1, 4 (Fig. 3, Plate XIV., 
p. 230), respectively 63*4, 41*6, 37*0, 41*9, and 25*8 tons on the square 
inch; in the other, at the same points, respectively 28*0, 29*8, 30*0, 
29*8, and 19*8 tons on the square inch. 

Where no wave-action exists, the chronoscopic jmessiires are 
generally somewhat higher than those of the crusher-gauge. The 
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difference is not' generally greater, than about 6 to 7 per, ceiitj 
although, in the case of some exceptionally, heavy shot,. this variation 
was considerably exceeded. Among the causes tending to produce 
this difference may be cited : — 1. Friction in the parts of, the criisher- 
gange. 2. Slight diminution of pressure due to windage*' , 3, Fis 
vim of particles of the charge and products of combustion, a portion 
-of which would be communicated to the shot, but . would not take 
effect on the emsher-gange. On the whole, however, the accordance 
of results derived from methods so essentially different was quite as 
close as could reasonably be expected, and entirely satisfactory. 

We now pass to the consideration of the tensions actually found 
to exist in the bores of guns. Two series of experiments were made 
by the Committee on Explosives with the lO-ineh 18-ton gun. The 
one series was with charges of 70 lbs. (31*75 kilos.) of pebMe-powcler, 
The weights of the shot were made to vary, the first rounds being 
fired with projectiles of 300 lbs. (136*05 kilos.), and the weights being 
successively increased to 350 lbs., 400 lbs., 450 lbs., 500 lbs., 600 lbs., 
800 lbs., 1000 lbs., and concluding with projectiles of the weight of 
1200 lbs. (544*20 kilos.). 

In the other series, charges of 60 lbs. (27*21 kilos.) E. L. G. were 
used. The projectiles were of increasing weights, as above ; but the 
experiments were not carried so far, the heaviest projectile in this 
series being of 600 lbs. (272 kilos.) weight. 

As we shall have occasion more than once to refer to these ex- 
periments, and as the powder used was carefully selected to represent 
as nearly as possible the normal service-powder of each description, 
it appears to us convenient, in order to illustrate the methods 
followed in determining the powder-pressures, to take an example 
from each series. 

This plan will further enable us to compare the difference of 
behaviour of pebble and E. L. G. powder in the bore of a gun. 

Commencing, then, with the charge of 70 lbs. (31*75 kilo.s.) pebble- 
powder and the projectile of 300 lbs. (136*05 kilos.), the results given 
by the chronoscope, to which we shall turn our attention in the first 
instance, are given in Table 9. 

In this table, column 1 gives the distances of the various plugs 

* In the experiments with the 38-ton gun, an opportunity occurred of determining 
the differences in pressure due to the escape of the gases by the windage, and it 
■ was found that a reduction of windage of *07 inch (1*75 mm.), the difference 
between *01 inch and *08 inch windage, reduced the maximum pressure indicated 
by the crusher-gauge by about 1 ton per square inch. Of course the mean pressure 
on the base of the projectile was not reduced in anything like the same proportion. 
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from the seat of the shot in feet (see Fig. 3 , Plate XIV., p. 230) (the 
distance from the seat of the shot to the bottom of the bore being 
2 feet =-610 metre). Column 2 gives the same distances in metres. 
Column 3 gives the observed time of passing each plug. Column 4 
gives the corrected time from the commencement of motion, the time 
from the commencement of motion to first plug being interpolated. 
Column 5 gives the differences of time — that is, the time taken by 
the projectile to traverse the distance between the plugs. Column 6 
gives the meaa velocity of the projectile over the space between the 
plugs, in feet ; and column 7 gives the same velocities in metres. 

^Giving data obtained with chronoscope for calculating velocity and 
presmre in the hors of a IMnch 1^4on gun. Charge^ 70 lbs. (B1 *7 5 kilos.) 
pebble-powder. Weight of projectile, 300 ( 136’05 kilos.). Muzzle- 

mhdty, lb27 feet metres). 


1. 

' 2, 

3. 

4. 

5. 

6. 

7. 

Distance Irom seat 
of shot. 

Time observed 
at plugs. 

Total time 
from 

seat of shot. 

Time taken 
by shot 
to traverse 
distance 
between 
plugs. 

Mean velocity over 
spaces between plugs. 

Feet. 

Metres. 

Seconds. 

Seconds. 

Seconds. 

Feet 

per second. 

Metres 

Xier second. 

0-00 
0-06 
0*26 
0-46 
0*66 
0*86 
1*06 
1*46 
, 1*86 
2*26 
2*66 
, 3*46 
4*26 
6*06 
6*66 ■ 
0*26 

0*000 

0*018 

0*079 

0*140 

0*201 

0*262 

0*323 

0*445 

0*567 

0*689 

0*811 

1*055 

1*298 

1*542 

2*030 

2*518 

*000000 

*001096 

*001611 

•001967 

*002272 

*002548 

■003036 

*003469 

•003869 

*004244 

•004947 

•005605 

•006234 

•007426 

*008554 

•000000 

•002683 

•003779 

•004294 

•004650 

•004955 

•005231 

*005719 

•006152 

*006552 

•006927 

*007630 

•008288 

*008917 

*010109 ; 

•011237 ; 

•002683 
•001096 
•000515 
•000356 
•000305 
•000276 
*000488 
! *000433 

! *000400 

1 *000375 

•000703 
*000658 
*000629 
*001192 
•001128 

22 

183 

388 

562 

656 

725 

820 

924 

1000 

1065 

1138 

1215 

1273 

1342 

1418 

6-7 

55*8 

118*3 

171*3 

199*9 

221*0 

249*9 

281*6 

304*8 

324*6 

346*9 

370*3 

388*0 

409*0 

432*2 


From these data are deduced, by correction and interpolation, 
the times given in Table 10, pp. 180 and 181. From the differences 
of the times are calculated the velocities, and from the velocities 
the pressures necessary to produce them are obtained. 

We have not space within the limits of our paper to enter upon a 
discussion of the methods of calculation and correction necessary to 
arrive at the results tabulated ; they are attended with very great 
labour, and a fuU consideration of the question would necessitate a 
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separate paper. As we shall hereafter show, it is not difficult, if we 
were to suppose the powder entirely converted into gas oe the, instant ; 
of explosion, to lay , down the law according to which" the pressure 
would vary in the bore of the gun ; but the case under consideration 
is ..a .. mncli. in,ore complicated one. The charge of powder is not 
instantly exploded, but is generally ignited at a single point; the 
pressure. , {comiiienemg at .zero) goes on increasing at an extremely 
rapid rate until the maximum increment is reached. It still goes on 
increasing, but , at a rate becoming gradually slo^'or, loitil the 
maximum t6iisi.on is reached, when the increase of density of the . 
gas,, aided by the combxistion of the powder, is 'just coiinterbalaiieed 
by the decrease of density due to the motion of the projectile. After 
the ma,xiinimi of ,tensio,n ' is reached, the pressure decreases, at first 
rapidly, subsequently slower and slower. 

If these variations in pressure be represented by a curve,, it would 
commence at the origin convex to the axis of ir, would then become 
concave, then again convex, and would finally be asymptotic to the 
axis of X. , . . 

In the same way, the curve representing the velocity would 
commence by being convex to the axis of abscissae ; it would then 
become concave, and, were the bore long enough, would te finally 
asymptotic to a line parallel to the axis of x. 

The results of Table 10 are graphically represented in black lines 
in Plate XY. (p. 230), the space described by the shot being taken as 
the equicreseent or independent variable, and the two curves giving 
respectively the velocity and pressure at any point of the bore. 

From the table (or curves) it will be seen that the maximiiin 
pressure attained by the powder is 18 tons per square inch (2745 
atmospheres), and that this pressure is reached when the projectile 
has moved *5 feet (*153 metre) and at *00437 second from the com- 
iiienceiiient of motion. 

The results given in the table have, as we have said, been arrived 
at by special methods of correction and interpolation; and thei.r 
general correctness can be tested by examining whether a material 
alteration of pressure or velocity at any point ■ can be made without 
■seriously disturbing the times actually observed. It will be found 
that they cannot. But another question here presents itself for 
consideration. We have, in the curves on Plate XY. (p. 230), taken $ 
as the independent variable ; but. if t were taken as the independent 
variable, and the relation between s and t were capable of being 
expressed by the explicit function s=/(^), the velocity corresponding 
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to any value of t woiild' be represented by the first derived function 
of / {t\ and the pressure by the second derived, function. , This, then; 
if a simple relation between b . and t could be established, would be 
an easy method of treating the problem; but it has appeared ,to, us 
practically impossible to obtain a single expression which, shall 
represent the relation between s and t for the whole time, occupied by^ 
the shot in its passage through the bore. 

If, for €^xample, we endeavoured to represent the relation between 
s and i by a liifear equation of the form , 

s + + + etc. . . . (8) 

we should have to determine the most probable values of the 
coefficients a, h, e, d, etc., from the eighteen to twenty direct observa- 
tions coimeeting $ and t The equation would further have to be 
such that the first and second derived functions should represent 
curves of the general nature we have described. It is obvious that, 
setting all other consideration aside, the labour of such a series of 
calculations would be insurmountable. 

But although it is impossible to obtain a single relation between 
B and t for the whole length of the bore, we have endeavoured, on 
account of the great importance of the question, to obtain such a 
relation for the commencement of motion, where the question of 
pressure is of vital importance. 

To do this, we have taken only the observed values of s and t so 
far that we could be certain the position where the maximum 
pressure was attained was included, but have made no assumption 
whatever as to the actual position of maximum pressure. 

We then assumed that the relation between s and t was capable 
of being expressed by an equation of the form 

g .... (9) 

and from the observed values of s and t the probable values of a, 
«r A y were computed by the method of least squares. 

Treating in this manner the experiment under discussion, and 
taking from Table 9 the first six values of s and we have obtained 
for, the 'most probable values of 

^ = 3*31076 
a = 1-37851 
^ = -76600 

>06932 

* For the conveEience of calculation, the unit of time used is not a second but 
the thousandth part of a second. The unit of space is altered in like proportion. 
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and for the relation between s and t the equation 

= 3.3|Q^^g^l‘ST851-|-‘7660O^--*O6§S2|2 

By differentiation, we obtain for the velocity 

ds s , , 

dt = = TK“ + ^^ + y^-)-(i+iog.0-(“-7^-)-ioge^} 

and by a second differentiation, 
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( 10 ) 



pressure T = 11’ 

g if 

o 

'C* 

+ . ( 12 ) 


Table 11, p, 184, gives the results of the calculations necessary for 
obtaining the values of s, v, and T from Equations (10), (11), and (12). 

To avoid repetition, we have introduced in this table the following 
abbreviations : — 


M = a-^l3t-j-yp 
N = 

P = M(l+log/)-Nlog,^ 

F = ^ + (^ + 4y0.(l + log,0j 


(13) 


and the values furnished in Table 11 can be compared with those 
given in Table 10. 

But the comparison, both as to velocity and pressure, can be more 
readily seen by a graphical representation ; and we have accordingly 
laid down in Plate XV. (p. 230), in full black lines, the curves of 
velocity and pressure taken from Table 10. 

The results of Table 10 have ateady been graphically represented 
in Plate XVI. (p. 230) ; but in. Plate XVL (p. .230), t instead of 5 is 
taken as the independent variable, with the view of enabling . the , 
accordance of the methods to- be more easily compared. . The curves 
ill dotted lines indicate the velocity and pressure shown in Table 11,„ 
and deduced from formula (10), (11), and (12). 

It will be observed that the two curves of velocity approximate, 
exceedingly closely. The difference between the pressure-curves also 
is not greater than might be expected and the difference, such as it 
is, is due to our not having succeeded in obtaining an equation which 
represents the corresponding., observed values of s and ^ , so closely as 
do the values given in Table 10. 
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. , Tlie pressures given by the criisher-gaiiges (wliicli can l)e com- 
pared with .those given in either of the .Tables 10 or 11) at the points 
A,, 'B, C, .l;4, .are respectively '17*2,... 15*6, 15*6, 12*8, and 11*1 tons 
per square .inch; or in atmospheres, 2169, 2376, 2376, 1949, and 
1690. . 

: . We now pass to the consideration of the results furnished by 
E.. L. G.' po.wder. ■ Taking, as in the case .of pebble-powder, the 
particular set of experiments where shot of 300 lbs.. (136*05 kilos.) 
were used, the data' furnished by the chronosco|:>a> are given in 
Table 12. 

Tab.le 12. — Gimng data ohkdmd with chramscope for tukukitmj the rfheitij and 
pressure in the hore of a 10d7ieh 18 -ton gun. Charge^ 00 ths, (27*2 kiion.) 
M. L. 0. Weight of projectile^ 300 Ihs. (136*05 kilos,). 


Distance from base 

Time obser\’ed 

Total time 
from 

seat of shot. 

Time taken by 
shot to traverse 

Mean vel.ocifcy over spaces 

of shot. 

at plugs. 

distance 
between plugs. 

between plugs. 

Feet. 

Metres. 

Seconds. 

Seconds. 

Seconds. 

Feet per 
second. 

'Metres per 
second. 

0*00 
0*06 
0*26 
0*46 
0*66 
0*86 
1*06. i 
1*46 i 
1*86 

0*000 

0*018 

0*079 

0*140 

0*201 

0*262 

0*323 

0*445 

0*567 

•oobooo 

•000596 
*001007 ! 

*001323 
•001601 
*001856 
•002325 
•002755 

•000000 

*000767 

•001363 

*001774 

•002090 

•00236S 

•002623 

*003092 

•003522 

*000767 

•000596 

•000411 

•000316 

•000278 

•000255 

*000469 

*000430 

78*2 

836 

488' 

633 

719 

781 

855 

935 

23*8 

102*4. 

148*7 

192*9 

219*1 

238*0 

260*6 

285*0 


From, these data, in the same manner as in the case of pebble- 
powder, are calculated the velocities a.nd p,ressiires exhibited, in 
Table 13, p. 186. 

The velocity and pressure obtained with the E. L. G. powder are 
graphically represented by the dotted curves in Plate XY. (p. 230) ; 
and by comparing these with the similar curves furnished by pebble- 
powder, the advantages obtained by the use of the slow-burning 
pebble-powder are clearly seen. 

Thus it will be observed that the muzzle-velocity obtained with 
the pebble-powder is .1530 feet (466*3 metres), .while the niaxmiim. 
pressure in the bore is 18 tons per square inch (2745 atmospheresX 
The velocity given by the E. L. G. powder is, on the other hand,. only 
1480 feet (451*1 metres), while the maximum pressure is 22*07 tons 
per square inch (3360 atmospheres). 
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Table 13.— ih$ total time from comrmneemmt of motion, mloGity, and 
Ummn of products of mplosion in hwe of lOdnch 18 ~ton gun, deduced from: 
r«&le 12. 




Time. 


f 

Pressure. i 

1 ■ xravei. | 

Total. 

Over Intervals. 





Feet. 

0*00 
0*02 
0*04 
0*06 
o*os 
0*10 
0*12 
0*14 
0 T 6 
0*18 
0*20 
0*22 
0-24 
0*26 
0*28 
0*30 
0*32 
0*34 
0*36 
0*38 
0*40 
0*42 
0*44 
0*46 
0*48 
0*50 
0*52 
0*54 
0*56 
0*66 
■ 0*76 
0*86 
0*96 
1*06 
1*16 
1*26 
1*36 
1*46 
1*56 
1*66 
1*76 
, 1*86 

Metres. 

•000 
•006 
*012 
•018 
-024 
*030 
•037 
*043 
•049 
•055 
•061 
•067 
*073 
•079 
* 085 ' 
•091 
■098 
•104 
•110 
•116 
•122 
•128 
•134 
•140 
>146 
*152 
•158 
•165 
^ *171 
• 201 . 
*232 
•262 
*293 
•323 
•353 
•384 
•415 
■ *445 
•475 
•506 
•536 
*567 

Seconds, 

*0000000 
. *0005164 
*0006615 
*0007674 
•0008548 
*0009310 
*0009994 
•0010621 
•0011204 
•0011750 
•0012267 
•0012760 
•0013231 
*0013685 
•0014123 
•0014547 
*0014959 
•0015360 
•0015751 
•0016132 
•0016505 
•0016870 
•0017229 
*0017580 
•0017925 
•0018264 
•0018598 
•0018927 
•0019250 
•0020802 
•0022262 
•0023649 
•0024976 
•0026253 
•0027487 
•0028685 
•0029851 
•0030989 
•0032102 
•0033193 
•0034264 
•0035318 

Seconds. 

•0005164 

*0001451 

*0001059 

*0000874 

•0000762 

•0000684 

•0000627 

*0000583 

*0000546 

•0000517 

•0000493 

•0000471 

•0000454 

•0000438 

-0000424 

•0000412 

•0000401 

*0000391 

•0000381 

•0000373 

•0000365 

•0000359 

•0000351 

•0000345 

•0000339 

•0000334 

•0000329 

•0000323 

•0001552 

•0001460 

•0001387 

•0001327 

•0001277 

*0001234 

•0001198 

•0001166 

•0001138 

•0001113 

•0001091 

•0001071 

•0001054 

Feet per 
second. 

38-7 

137*8 

188*8 

228*7 

262-5 

292*2 

318*9 

343*3 

365*7 

386*6 

405*9 

423-9 

440-6 

456*4 

471*2 

485*3 

498*7 

511*4 

623*7 

535*4 

546*8 

557*7 

568*4 

578*7 

588*8 

598*5 

608*1 

617*5 

644*3 

684*9 

721*0 

753*5 

783*1 

810*1 

834*8 

857*6 

878-7 

898*2 

916*3 

933-2 

949*1 

Metres per 
second. 

11*80 

42*00 

57*55 

69*71 

80*01 

89*06 

97*20 

104*64 

111-46 

117-83 

123*72 

129*20 

134*29 

139-11 

143*62 

147-92 

152-00 

155-87 

159*62 

168*19 

166*66 

169*99 

173*25 

176*39 

179-46 

182*42 

185*35 

188*21 

196*38 

208*76 

219*76 

229-66 

238*69 

246*92 

254*44 

261*39 

267*83 

273*77 

279*29 

284*44 

289*28 

Tons per 
sq.. inch. 

7*950 

21*204 

22*065 

22*039 

21*999 

21*840 

21*628 

21*403 

21*138 

20-767 

20-276 

19-746 

19-216 

18-718 

18-249 

17-861 

17-440 

17-096 

16-778 

16-499 

16-261 

16-036 

15-863 

15-691 

15-568 

15-439 

15 - 320 

16 - 201 
14-700 
14-286 
13-451 
12-722 
12-060 
11-384 
10-774 
10-204 

9-701 

9-210 

8-720 

8-296 

7-885 

Atmo- 

spheres. 

1211 

3229 

3360 

3356 

3350 

3326 

3293 

3259 

3219 

3162 

3088 

3007 

2926 

2850 

2779 

2718 

2656 

2603 

2555 

2512 

2476 

2442 

2416 

2389 

2369 

2351 

2333 

2315 

2238 

2175 

2048 

1937 

1830 

1734 

1641 

1554 

1477 

1402 

1328 

1263 

1201 


If, as in the case of pebble-powder, we express for the first 
instants of motion the relation between s and t by an equation of the 
form of that, given in (9), we obtain 


S = • 57837 ^ 3 - 42802 - * 02336 ^+ * 000245^2 ; ^ ( 14 )-^ 

* In this equation and Table 14 , the unit of time is, for convenience, the one 
ten-thousandth part of a second. 
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and the values of s, p, T corresponding to those of t are given in the 
scheme shown in Table 14 p. 188. 

The results of Table 14 comparison with those of the other 
mode of calculation (Table 13), are graphically compared in Plate 
XVII. (p. 230). It will be observed that, as in the case of pebble- 
powder, the two methods give values closely accordant; and if Plate 
XVII. (p. 230) be compared with Plate XVI (p. 230), the diflerences 
in velocity and pressure at the commencement of motion between the 
two natures of powder are very strikingly shown. Thus it will be 
observed that with pebble-powder the maximum pressure, 2745 
atmospheres, is reached when the projectile has moved *5 foot (152 
metre), and at about *00437 second after the coniineneement of motion. 
With E,' L. Gr. powder the maximum pressure, 3365 atiiiosplieres, is 
reached when the projectile has moved only *05 foot ('015 metre), and 
at about *00070 second from the commencement of motion. The first 
foot of motion is, with the one powder, traversed in about *0025 
second, with the other in about *0051 second. 

The pressure given by the crusher-gauges in the experiments with 
E. L. G. under discussion (and these pressures should be compared 
both with those given in Table 13 and with the crusher-gauge pres- 
sures furnished at the same points by pebble-powder) were, at A, B, 
C, 1, and 4 respectively 44'2, 30*3, 22*5, 13*5, 12 tons per square inch ; 
or, ill atmospheres, 6731, 4614, 3426, 2056, and 1827. 

In deducing the pressure from the velocity, we of course assumed 
that the gaseous products of combustion acted on the projectile in 
the manner in wdiich gases are generally assumed to act. 

. With the slower-burning powders this h}q)othesis appears to be 
not far from the truth; but with the more explosive powders the 
crusher-gauges show that the powder acts on the shot, as we have 
already observed, by a succession of impulses; and in this case the 
curve of pressures derived from the ehronoscopie observations must 
be taken to represent the mean pressures acting on the projectile 
throughout the bore. 

With the various powders experimented on by the Committee on 
Explosives, there have of course been very great variations in the 
pressures indicated. 

The highest mean pressure indicated by the chronoscope was 30*6 
tons, 4660 atmospheres ; and this pressure was attained with a charge 
of 60 lbs. E. L. G., and a projectile weighing 400 Ihs. In the same 
series, the highest local or wave-pressure exhibited by the criislier- 
gauges was 57*8 tons, 8802 atmospheres; but this excessive pressure 


Table 14.— tM msuUs of the cahidatiom for determining the values of s, v, and T from Equations (14), (11), mid (12). 

M, L. G. powder. 
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was exMbited only in .the crusher marked A in Plate XIV.,, 3 
(p. .230), and was probably confined to .that particular point. The 
pressures exMbited by the same po%¥der in the .same round, at the 
points B' .and.C in the powder-chamber, were respectively 3,7 tons, 
5634 atmospheres ; and 29*6 tons, 4507 atmospheres. 

. But: although, in the various guns and with the various charges 
and special powders experimented with, the pressures at different 
.points .of the, bore exhibit, as might he expected, marked differences, 
these differences almost altogether disappeared whewi powders of 
normal types and uniform make were experimented with, and when 
the pressure was referred, not to fixed positions in the bore of tlie 
gun, but to the density of the products of combustion. 

We have already referred to the experiments made with cyliiiclers 
gradually increasing in weight in the 10-inch gun. A similar series 
was made in the 11-inch gun with charges of powder of 85 lbs. (38*56 
kilos.); and as the series in both guns were made with great care and 
under as nearly as possible the same conditions, we selected, in the 
first instance, the experiments with pebble-powder in these guns, to 
test the accordance or otherwise of the tensions, under the varied 
conditions of experiment, when taken simply as functions of the 
density. 

The results of these calculations are graphically represented in 
curves 1 and 2, Plate XVIII. (p. 230) ; and it will be observed that 
with these different calibres and charges the tensions developed are 
as nearly as possible identical. 

Curves 3 and 4 on the same plate exhibit the results of similar 
calculations for 60 lbs. E. L. G. fiiredin the 10-iiich gim, and 30 lbs. 
E. L. G. fired in the 8-iiich gun. In this ease also, although there 
are differences between the curves representing the pebble and E. L G. 
powders, to which we shall allude further on, the accordance between 
the same description of powuler fired from the different guns , is 
almost perfect. 

(s) EFFECT OF IXCEEMENTS IX THE WEIGHT OF THE SHOT OH THE COM- 
BUSTION, AND TENSION OF BOWLDER IN THE BORE OF A GUN. , 

In our preliminary sketch of the labours of previous investigators^ 
we alluded to the views held by Eobins and Eiimford iipo,ii the 
rapidity of combustion within the bore. ■The latter, .relying chiefly 
upon^ the. fact that powder, especially when in very laige grains, was 
frequently .blown iinburned from ■ the muzzle, .concluded that the com”. 
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bust ion was very slow* ' Robins,, on ■ the other hand,.. 'considered that,, 
with the powder he employed, combustion was practically completed 
before .the shot was materially displaced ; and it is not easy' to see why 
.the. imaiisive.rable (if correct) and easily verified fact of which he makes 
use has rece.ived so little attention from artillerists. 

EoMiis, it will be remenibei^ed, argues that if, as some assert, a 
considerable time is consumed in the combustion of t.lie charge, a 
much greater effect would be realised from the powder where heavier 
projectiles wefe used, but that such is not the case. 

The Committee on Explosives have completely verified the correct- 
iies.s of Robins' views. 

In the lOdnch gun, with a charge of 60 lbs. (27*2 kilos.) R L. G-. 
powder, the work realised from the powder is only increased by about 
5 per cent, when the weight of shot is doubled. 

In the slower-burning pebble-powder, with a charge of 70 lbs. 
(31'75 kilos.), with a similar increase in the shot, the greater effect 
realised was about 8| per cent.; but when the weight was again 
doubled (that is, increased to four times the original weight), the 
additional effect was barely 1 per cent. 

Piobert's views, moreover, that the pressure exercises but a trifling 
influence upon the rate of combustion, appears to us entirely unten- 
able. With a particular sample of service pebble-powder, we found 
the time required for burning a single pebble in the open air to be 
about 2 seconds. The same sample was entirely consumed in the 
bore of a 10-ineh gun, and must therefore have been burned in less 
than *009 second. 

(t) IFFEGT OF MOISTUEE UPON THE COMBUSTION AND TENSION 
OF POWDEB. 

It is perhaps unnecessary to say that we do not share the views 
of those who consider that the presence of water in powder may 
increase the tension of the products of explosion. We have made no 
experiments upon this head in closed vessels ; but the following table 
exhibits the effect of moisture in gunpowder upon the velocity of 
the projectile and the tension of the gas when the powder is fired in 
a gun, the proportions of moisture varying from 0*7 to 1*55 per cent. 
The powder from which these results were obtained, was pelible, care- 
fully prepared by Colonel Younghusband, and was the same in all 
respects, except as regards the quantity of moisture. 
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Table 15 . — Showing the effect of mowture in the powder upon the 
mhcity of the proJeetiU ami presmre of the gm* 


, Percentage of 
Moisture. 

Velocity. 

.Maximum Pressures. 


Feet 

Metres. 

Tons per 
square i'ncli. 

Atmospheres. 

0-70 

1545 

470*92 

22*02 

3353 

0-75 

1541 

774-50 

21*70 

3304 

0-80 

1637 

468-47 

.21*38 

3256 

0*85 

1583 '5 

467-41 

21-07 

* 3208 

0*90 

1530 

466*34 

20*77 

3163 

0*95 

1526*5 

465*30 

20*47 

3117 

1*00 

1523-S 

464*40 

20*18 

3073 

1*05 i 

1520*5 ' 

463*44 

19*90 

3030 

1*10 ^ 

1517*5 

462*53 

19*63 

2989 

1*15 

1.514*5 

461*61 

19*37 

2949 

1*20 

1512 ’ 

460*85 ^ 

19*12 

1 2911 

1*25 

1509*5 : 

460*10 

18*87 

! 2873 

1*30 

1507 

459*33 

18*63 

I 2837 

1*35 

1504*5 

i 458*60 

18*40 

i 2802. 

1*40 

1502 

457*80 

18*18 

2768 

1*45 

1499*5 

457*04 

17*07 

2736 

1*50 

1497*5 

456*43 

17*76 

2704 

1*55 

1495*5 

455*82 

17*55 

2672 


From this table it will be seen that, by the addition of consider- 
ably less than 1 per cent, of moisture, the muzzle-velocity is reduced 
by about 60 feet, and the maximum pressure by about 20 per cent., 
pointing obviously to a much more rapid combustion in the case of 
the drier powder. 


{lb) LOSS OF HEAT BY GOMMUXICATION TO THE ENVELOPE IN IVHICH 
THE CHAEGE IS EXPLODED. 

We have now given a hasty sketch of the means that have been 
adopted, to determine the pressures actually existing in the bores of 
guns, and of the general results we have arrived at; and before pro- 
ceeding to the theoretical consideration of the relation which should 
then exist between the tension and the density of the gases, we must 
, direct attention to an important point — and that is, “ what loss of 
heat do the gases suffer ? or, in other words, what proportion of energy 
in. the powder is wasted by communication to the envelope .in which 
the powder is fired, that is, to the barrel of the gun ? 

. Every one is aware that' if a common rifled musket' be very 
rapidly fired, as may easily now be- .done by the use of breech-loading 
arms, the barrel becomes .so hot that it cannot be touched with,, the 
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naked' hand .. withi .iiiipnnity,. and, even witli a. fieM-giin, tke, increment, 
of' beat :dne,, to, a few rounds is vary- 
' Eo far as we ■ know, the Count de Saint-Eohert^ .made the first 
attempt to determme the amount of heat actually commiimcated to 
a small arm. ,,, 

De Saint-Eobert made three- series of experiments with service 
rified : muskets, ,„firiiig the ordinary charge ,of 4*5 grms. ' In the first 
seriesj 'tlie muskets were loaded in the usual manner ; in the second 
series, the balk was placed near .the muzzle ; in the third, the muskets 
were' , loaded with powder 'alone. The results at which De- .Saint- 
Eobert arrived, and which are not difficult to explain, were, that the 
greatest quantity of heat was '.communicated to the' musket when the 
ball was placed near the muzzle, that the quantity commimicated 
when no projectile at all was used, stood next in order, and that 
least heat' was communicated 'when the musket was loaded In .the 
usual manner. , 

He further fo-und that, the quantity of . heat communicated- in this 
last case, with the powder and- arm used, was about '250 grm..-units 
per grm. of powder fired. 

We found ourselves unable, however, to adopt Count de Saint- 
EoberPs important results for the guns and charges we have been, 
considering, because conclusions derived from small arms could 
hardly be applied to, large ordnance without modification. 

We therefore instituted' the experiments described under Nos. 72 
and 7S. The gun used was a 12-pr. BX., and in the first Experiment 
(No. 72) nine rounds were' fired with If lb. (794 grms.) and a projectile 
weighing nearly 12 lbs. (5330 grms.). ,- 

Prior to the rounds being 'fired, arrangements were made for 
placing the gun, whenever ^ the ',861168 should be concluded, in a vessel 
containing a given weight of' water ; and before the experiment was 
commenced the gun and water were brought to the same temperature,, 
and that temperature carefully 'determined. 

After the firing, the gun was'' placed,, in the water, and the rise of 
temperature due to the nine rounds determined. This rise was found 
to be equivalent to 236,834 grms. of water raised through 2"*30,5 Cent, : 
or the heat communicated to the gun by the combustion of 1 grm. of 
the charge was equal, to 76‘4',grm.-units. 

Of course an addition, has to be made to this, number,, on, account 
both of some loss of heat in the determination and of the unavoidable 
loss of heat between the rounds. ■ ' 

* TraUi di Thermo(h.amique {Tmin, 18Q5), p. 120, 
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The second Ixperiiiienl (ITo* 73) .was made with five rounds of 
1| lb. (6804, gms.) of the same powder with the same weight of 
projectile. The heat eomin,imicated to the . gun , b j the five roimds 
was, when expressed in water, sufficient to raise 112,867 grina through 
2 "*694 Cent., or 1 grm, of the ' charge, in burning., conimimicated to 
the gun 89*4 grin. -units of heat. 

Considering the difficulty, in an experiment of this nature, of 
avoiding a considerable loss from radiation, conduction, and other 
causes, we do not think we shall be far wrong in assuming that in the 
case of, the 12-pr. B.L. , gun, fired under the conditions named, the 
heat eo,minunicated .to the gim.is about 100 grm.-imits for eaeii : 
:g.raniiiie 'of powder exploded. 

To arrive at the amount of heat coinriiu.nicated to the gun when 
still larger ,'gims are employed, there are two principal points to be 
considered — 1st, the ratio which the amount of the surface bears to 
w^eight of the charge exploded ; and 2nd, the time • during, which the . 
cooling effect of the bore operates upon the products of explosion. 

The first of these data is of course exactly known, and from our 
experiments the second is also known with very considerable exact- 
ness. Computing, therefore, from the data given by the 12-pr., the 
loss of heat suffered by the gases in the 10-inch gim, we find that 
loss to be represented by about 25 gim. -units; and hence we find 
that the quantity of work in the form of heat communicated to the 
gun varies approximately from 250 grm.-units prer grm. of powder 
in the case of a rifled musket, to 25 grm.-units in the case of a' 
10-inch gim. 

Similar considerations lead us to the conclusion that in a close 
vessel such as we employed for explosion, when filled with poteder^ 
the loss of pressiii€^ue to thecomH 2 .iinication,of heat to the envelope 
w.oiild not amount to 1 per cent, of the total pressure developed 

(r?) PBESSUBl IX THE BOEIS OF GUNS, DERIVED FROM THEOEETICAL 

COKSIDERATIOKS. 

. We now pass to the theoretical consideration of the qiiestion. 
Suppose the powxler to be fired, as is the case in the chamber of a gun, 
and suppose, further, that the pnodncts of combustion are allowed to 
expand, vrhat will be the relation between the tension of the gases and : , 
the, volume they .occupy throughoiit the. bore ? . 

, . For the sake of, simplicity, we shall, in the first instance, .assume 
that, the gravimetric density of,' the powder is unity, that the powdei' , 
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fills completely the space in which it is placed, that the whole charge 
is exploded before the projectile is sensibly moved from its initial 
position, and that the expansion takes place in a vessel impervious to 
heat. 

In our preliminary sketch we alluded to the results of Hutton’s 
investigations as to the relations existing between the density and 
tension of the gases and the velocity of the projectile at any point of 
the bore. Hutton, however, assumed that the tension of the inflamed 
gases was directly proportional to their density, and inversely as the 
space occupie^d by them. In other words, he supposed that the 
expansion of the gases, while doing work both on the projectile and on 
the products themselves, was effected without loss of heat. 

Recent research, which has demonstrated that no work can be 
effected by the expansion of gases without a corresponding expen- 
diture of heat, has enabled modern artillerists to correct Hutton’s 
assumption ; and the question of the pressure exercised and work per- 
formed by gunpowder in the bore of a gun has been examined 
both by Bunsen and Schischkoff, and by the Count de Saint-Robert.^ 

De Saint-Robert, like Hutton, supposed that the whole of the 
products of the explosion were, on ignition, in a gaseous state, and 
that hence the relation between the pressure and the volume of the 
products followed from the well-known law connecting the tension 
and volume of permanent gases. 

Bunsen and Schischkoff, on the other hand, who, like ourselves, 
have arrived at the conclusion that at the moment of explosion a 
large part of the products is not in the gaseous state, have deduced 
the total work which gunpowder is capable of performing, on the 
assumption that the work on the projectile is effected by the expan- 
sion of the permanent gases alone, without addition or subtraction of 
heat, and that, in fact, the non-uaseous products play no part in the 
expansion. 

Sufficient data were not at the command of either of the authori- 
ties we have named, to enable them adequately to test their theories ; 
and we propose in the first place, with the data at our disposal, to 
compare their hypothesis with actual facts, by computing the tensions 
for different volumes and comparing the calculated results, both with 
the tensions in a close vessel and with those derived from actual 
experiments in the bores of guns. 

Assuming, in the first place, withDe Saint-Robert, that the whole 
of the products are in the gaseous form,— 

* TraiU de Thermodyna77iique, T64:, 
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, Lefe p be the value of tlie elastic pressure of ^the iieriaaiieiit gases 
geaerated by . the combustion of the powder corresponding to any 
volume % and let Vq be the known initial values of j? and v. Let 
also Cp be the specific heat of these gases at constant pressure, 
and. G,^ 'he the specific heat at constant Yolume. Then, from the 
well-known, relation existing between j? and where a penimneiit 
gas is pe.rinitted to expand in a vessel impervious to heat, we have 

^ ' 

p = poQ-Y” ■ ■ • ■ 0 ®) 

and this equation, upon I)e Saint-.Eob6rt*s hypothesis, expresses the 
relation' between the tension of the gases and the voliiirie occupied by 
them in the bore of a gun. 

Taking Pq from Table 8, at 41 ^yT tons per square iiicli, and 
assuming at unity the space occupied by the charge when at a 

0 

gravimetric density of 1, taking, further, the value of ^ = 1*41 as 
computed by De Saint-Eobert, Equation (15) becomes 

p = 41-477{yy"^ (16) 

If we now take Bunsen and Schisehkoff s view, that a portion 
only of the products is in the form of permanent gases, and that they 
expand without addition or subtraction of heat, we are able, from 
Equation (15), to deduce the law connecting the tension and the 
pressure. For if we call v' and v'^ the volume at any instant and 
the initial volume of the permanent gases, we have from (15) 

p-p^YY'’ • • • • ( 17 ) 

but if a be the ratio which the volume of the non-gaseoiis products 
at the moment of explosion bears to that of the unexploded powder, 
we have , 

^^4 = . ,,to (18) 


and Equation (1*7) becomes 
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and this is the relation between jp and v on Bunsen and Sehisehkoff’s 
hypothesis. 

Taking, as before, P(, = 41 '477, ®o=l, and remembering that we 
hare found the value of a to be ’6, we have 

^ . 

P = «-477(j^)"- ... (20) 


c C 

The value* of the exponent can be deduced from the data 
given in Table 16. 


Table 16. — Showing the perceniage weights^ specific heats at constant volume^ and 
the specific heats at constant pressure of the permanent gases produced hy 
the explosion of powder. 


Nature of gas. 

Percentage weight 
of gas. 

Specific heat at 
constant pressure. 

Specific heat at 
constant volume. 

Sulphuretted hydrogen 

•0262 

•2432 

•1840 

Carbonic oxide 

*1036 

•2450 

•1736 

Carbonic anhydride 

•6089 

•2169 

•1720 

Marsh-gas . . . . 

•0012 i 

•5929 

•4680 

Hydrogen . . . 

•0023 

3-4090 

2-4110 

Nitrogen ■ , . , . ' . 

•2579 

•2438 i 

1 

•1727 


From the data in this table the value of is found to be== 
'23528, of 0^=1782, and that of the fraction ^ = 1*3203; and 
Equation (20) becomes 


P 


41*477 


•4 \l-3208 


( 21 ) 


The results of (16) and (21) are given in Table 17 ; and in the 
same table are given the values of j?, both as deduced from actual 
experiment in the bore of the 10-inch and 11-ineh guns (see Plate 
XVIII, p. 230), and also as deduced from our experiments in a close 
vessel The results of the experiments upon the tension of different 
densities in a close vessel represent of course the elastic force which 
would exist ware the gas allowed to expand in a vessel impervious to 
heat, . without production of work. 
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Tablb 17, —Bhowing in terms of the density (1) the temion aHualh/ found to exist 
in the bores of gum ; (2) the tension which would exist were the gmes suffered 
, , . to. expand without production of work; (3) the temion mkuhtfd lipom 
De SamkBobsrfs hypothesis; (4) the temion calculated on Bumm and 
. ScMschkoff^s hypothesis. 


Meai.i density 
of p,roducts of 
combustion.. 

Tension observed 
in bore 
of IS-ton gnn 
.UfCibble-powder), 

Tension ol^erved 
wbere the gases 
expand without 
production of work. 

Tension caleu.lated 
upon Count 

Be St. -Robert’s 
'hypothesis. 

Tension calenlatctl 
upon Bunsen 
and Scliisehlrtvii 
hyfKitiiesi!;. 

Tons 

per 

sq. incli* 

Atmo- 

spberes. 

Tons 

per 

Btj,* inch. 

Atmo- 

.spheres. 

Tons 

pe;r 

sq. incli. 

Atmo- 

spheres. 

Tons 

|Mir 

sq. inch. 

Atmo* 

spliew'S. 

1*00 



41*48 

6320 

41*48 

6S20 

41-48 

6320 

•90 

26 *k 

3101 

32*46 

4946 

35*75 

5448 

30*00 

4572 

*80 

17-01 

.2590 

25 *52 

3889 

30*14 

4593 

21*85 

3330 

*70 

14*03 

2133 

20*02 

3051 

25*08 

3S22 

15*85 

2416 

*60 

11*33 

1722 

15*55 

2370 

20*18 

3076 

11*62 

1771 

*50 

8*87 

1352 

11*85 

1806 

15*61 

2378 

7*93 

1209 

•40 

6*65 

1019 

i 8*73 

1330 

11*40 i 

1736 

5*30 

808 

•30 

4*67 : 

722 

1 6*07 : 

925 

7*60 

1157 

3*28 

500 . 

•20 

2*93 I 

459 

1 3*77 

574 

4*29 

653 

1*75 

267 

•10 



1 1*77 

270 

1*61 

i 246 

•64 

98 


The graphical representation of this table is given in Plate XIX. 
(p. 230) ; and by exammation either of the table or of the curves, it is 
obvious that neither Formula (16) nor (21) gives results which can be 
taken as at all representing the truth. The values of the elastic force, 
calculated on the assumption that the whole of the products of com- 
bustion are in the gaseous state, and that the effect on the projectile 
is produced by such expansion, are largely in excess of the pressures 
observed in the gun, and, very greatly in excess even of the pressures 
observed when the gases were expanded without production of work. 
On the other hand, the pressures calculated on the assumption that 
the work is caused by the expansion of. the permanent gases alone, 
without, addition or subtraction of heat, are considerably in defect of 
those actually observed, and this too, although no allowance is made 
for the absorption of heat by the gun. 

. At an early stage in our researches, when we found, contrary 
to .our expectation, that the elastic pressures deduced from experiments 
in close vessels did not differ greatly (w^here the powder might be 
considered entirely consumed, or nearly so) from those deduced from 
experiments in the, bores of guns themselves, vre came,' to the con- 
clusion .that this ■ departure from our expectation was probably due 
to. the heat ..stored. up in.' the liquid .residua In. fact, instead of .the 
expansion of .the. permanent 'gases taking place .without addition of 
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heat, the residue, in the finely divided state in which it must be on 
the ignition of the charge, may be considered a source of heat of the 
most perfect character, and available for compensating the cooling 
effect due to the expansion of the gases on production of work. 

The question, then, that we now have to consider is- — ^What will 
be the conditions of expansion of the permanent gases when dilating 
in the bore of a gun and drawing heat, during their expansion, from 
the non-gaseous portions in a very finely divided state ? 

To solve this question we must have recourse to certain well- 
known principles of thermodynamics. 

Let be the quantity of heat added to, or drawn from, the non- 
gaseous |}ortion of the charge by the permanent gases, while the 
latter pass from the volume v and temperature t to the volume 
and temperature we then have * 

= L# . . . . (22) 

^ being Eankine's thermodynamic function. 

But if X be the specific heat of the non-gaseous portion of the 
charge, and if /3 be the ratio between the weights of the gaseous and 
non-gaseous portions of the charge, and if we assume further, as we 
can do without material error, that X is constant, we shall have 

dH = . . . . (23) 

df = -l3Xj . . . . ( 24 ) 

and by integration 

= . . . ( 26 ) 

But the value of ^ for permanent gases is well known, being 
readily deduced from the general expression for the thermodynamic 
function. 

This expression being t 

(j, = Clog/ + -L ■ . . . (26) 

(J being Joule’s equivalent), and ^ being readily obtained from the 

equation of elasticity and dilatability of perfect gases, 

pv' == Rf 


* Rankine, Simm- Engine^ p. 310. De Saint-Eobert, loc. ciL , p. 68. 
t Rankine, loe. ciL^ p, 311. De Saint-Robert, loc, ciL^ p. 72. 
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we deduce from (26), by integration, 


since* j = 0„-C, 




Hence, equating (25) and (27), 




Therefore 


and 


0^,+^X 


£. 

Po 


or, since — — 

^ po(l-a) l 
\ V- av^ i 


C^+/3X 
Po 


(27). 


(2B), 


(29) 


(30) 


and Equation (30) gives the true relation connecting p and ^ when 
the gaseous products expand in the bore of a gun with production 
of work; 

The values of the constants in this equation we have already 
determined ; they are as follow : — 

C,= d782, C^ = *2353,,p^-4k477, A = -4090, je=l‘3148. 

The results of Equation (30) are given in Table 18, p. 200 ; and, as 
before, for comparison we give similar values of p both as derived 
from experiments with heavy ordnance and on the supposition, -of 
expansion without performance of work. 

The' results of Table 18 are- graphically represented in Plate 
XX. (p. 230) and on the axis of abscissae are figured,, for convenience, 
both the density of the products and the volume they occupy. 

* Rankine, loc. at, p. SlS. Clausius, he, ciLf p. 39. De Safnt-Eobert, foa at,, 
■p. 93. : 
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Ta,blE' 18 . — Gming^ in Urms of the dsmiiy, the tensions mtimlly found to exist in 
the horm of gum with pebble and JR. L. Q. powders ; gwing, further^ (1) the 
tensions calculated from Equation (30)/ (2) the tension ichieh would exist 
were the gases suffered to expand icithout production of icorh. 


Mean deiisity 
of products} of 
combustion. 

Tension observed 
in bores of guns. 
Pebble-powder. 

Tension observed in 
bores of guns. 

R. L. G. powder. 

Tension calculated 
from 

Formula (30). 

Tension observed 
when the gases 
expand without 
production of work. 

Tons 

per 

SQ. iiicli. 

Atmo- 

spheres. 

Tons 

per 

sq. inch. 

Atmo- 

spheres. 

Tons 

per 

sq. inch. 

Atmo- 

spheres. 

Tons 

per 

sq. inch. 

Atmo- 

spheres. 

1-00 





41*48 

6316 

41*48 

6316 

•95 





36*30 

5528 

36*65 

5581 

•90 

26-’35 

3099 

2P33 

4162 

31*84 

4848 

32*46 

4943 

■■•85 

18*63 

2837 

24*63 

3751 

27*95 

4256 

28-78 

4383 

•80 

17 -01 

2590 

22*01 

3352 

24*56 

3740 

25*53 

3888 

•75 

15*48 

2357 

19*50 

2969 

21*56 

3283 

22*63 

3446 

•70 

14*03 

2136 

17-16 

2613 

18*89 

2877 

20*02 

3049 

•65 

12*65 

1926 

15*05 

2292 

16*51 

2514 

17*68 

2692 

•60 

11*33 

1725 

13*21 

2011 

14-38 

2190 

15*55 

2368 

•55 

10-07 

1533 

11*61 

1768 

12*46 

1897 

13-62 

2074 

*50 

8-87 

1351 

10-18 

1550 

10*72 

1632 

11 -85 

1804 

•45 

7*73 

1177 

8-87 

1351 

9*15 

1393 

10-23 

1558 

•40 

6*65 

1013 

7-65 

1165 

7*71 

1174 

8-73 

1329 

•35 

6*63 

857 

6*49 

988 

6*40 

975 

7-35 

1119 

*30 

4*67 

711 

5*39 

821 

5*21 

793 

6-07 

924 

•25 

3-77 

574 

4*34 

661 

4*11 

626 

4-88 

743 

•20 

2*93 

446 

3*33 

507 

3-11 

474 

3-77 

574 

•15 

2-15 

327 

2*35 

358 

2*20 

335 

2-73 

416 

•10 

«• 



... 

1*37 

209 

1-76 

268 


The curve marked A represents the tensions deduced (with a 
slight correction for loss of heat) from actual observation in a close 
vessel, and may, as we have already said, be taken to represent the 
pressures that would exist were the products of combustion allowed to 
expand in a vessel impervious to heat and without production of work. 

The curve marked B, derived from Equation (30), denotes the 
tensions that would exist in the bore of a gun, if we suppose the 
powder, of a gravimetric density =1 and filling entirely the chamber, 
to he completely consumed before the projectile is moved from its 
place, and to expand in a gun impervious to heat. By comparison 
with the curve A will be seen the difference in tension arising from 
the loss of heat due to the work expended. The great importance of 
the heat contained in the non-gaseous portion of the charge is 
rendered apparent by comparison of curve B with curve 4, Plate 
AIX. (p. 230), or Table 17, where, on Bunsen and Schisehkoff’s hypo- 
thesis, the permanent gases are supposed to expand without deriving 

any heat from the non-gaseous portion of the charge. 
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The area comprised between curve B and the axis of abseissce 
represents the maximum work that it is ' possible, to .obtain , from, 
powder. ' 

, Curve C represents the mean results obtained with li L Gb, powder 
from, the 8“inch and . 10-inch guns, and curve D represents the„ineaii 
results obtained with pebble-powder from the lO-ineh .and 11 -inch 
guns. 

It is interesting to study the differences e.xMbited by these curves 
B, 0, and.B.. The curve C, representing the pressures obtained with 
11 L G., denotes tensions not far removed from the theoretic curve, 
while the densities are still very high ; before the volume is mucdi 
increased, the two curves slide into one another and become almost 
coincident. 

The curve D, on the other hand, is at first very considerably 
below both the E. L. G. and the theoretic curve. It is still consider- 
ably lo-wer even when the E. L. G. curve is practically coincident 
with the theoretic curve, and it retains a measurable though slight 
inferiority of pressure even up to the muzzle of the gim. 

These differences are without doubt due to the fact that with the 
E. L. G- powder, at least under ordinary circumstances, the whole or 
a large proportion of the charge is consumed before the projectile is 
greatly removed from the seat of the shot. With the slower-burning 
pebble-powder, on the other hand, a considerable quantity of powder 
remains uneonsumed until the projectile approaches the muzzle ; and 
the curve indicates in a very striking way the gradual consumption 
of the powder, and the portion of the bore in wdiich the sEnv-biirning 
powder may be considered practically burned. 

It might perhaps be expected that the difference between the 
theoretic curve B and the observed curves C and D near the muzzle 
would be greater than is shown, since the curve B has .been obtained 
on the supposition that the expansion has taken place in a vessel 
impervious to heat. 

We have pointed out, however, that although in innskets and 
small arms the loss of heat arising from communication to tlif3 bore 
is .very considerable, it is comparatively imiiiiportant in ^ very large 
guns. In our calculations also we have taken X, the specific heat of 
the non-gaseous portion of the charge, at its mean value. It, should, 
howeve.r, be taken at a liigher value,., since the specific heat must 
increase rapidly with the temperature ; and this difference no doubt 
more than compensates for the loss of heat to which we have referred 
as not being taken into account. 
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Our hypothesis as .to- a .iwtioii of the charge remaining uncon- 
snmed until the projectile approaches the muzzle, , is confirmed by 
the well-known fact that in short guns, or where powder of high 
iiensity or very large size is employed, considerable quantities some,- 
times escape conibiistion altogether. 

The appearance of pellet ' or pebble powder which has 'been 
igiiitofl and afterwards extinguished in passing through the atmo-, 
sphere, is well known to artillerists. 

The gerioraf appearance (and in this appearance there is wonderful 
uniformity) is represented in Plate XI., Fig. 5 (p. 230),. and .gives the ■ 
idea of the comliustion having proceeded from centres of ignition. 

If we imagine a grain, or rather (taking into account the size of 
the grains of the present day) a pebble, of powder arriving uncon- 
siimed at a point a little in advance of that of maximum pressure, it 
is not difficult to conceive that such pebble will traverse the rest of 
the kite without being entirely consumed, when the great influence 
of diminished pressure, combined with the shortness of time due to 
the increasing velocity of the projectile, is eo.nsidered. 

Thus, by reference to Table 10, it will be found that the time 
.taken by. the projectile to describe the first fo.ot (*305 metre) .of 
.motion is about *005 second, while the time taken to describe the 
remaining length of the bore, 7*25 feet (2'21 metres), is only about 
‘Oil. second. 

The mean powder-pressure over the first foot, again, is about 15 
ton.s pr inch (2300 atmospheres), and over the remainder of the 
bore is only 5*25 tons (800 atmospheres), 

(pj) TEMmiATUMM OF PRODUCTS OF COMBUSTION IN BORES 
OF GUNS. 

The temperature in the bore of the gun during the expansion of 
the products is given by Equation (28), or, restoring the values of v' 
and 

The temperatures calculated:, from this formula are given, in 
Table 19. It is hardly necessary to point out that., the values given 
in this table are only strictly accurate when the charge is ignited 
before the projectile is sensibly moved ; but in practice the correction 
due to this cause will not be great. 
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Tabi.e the temperature in de^ees Cmtigraile^ and in terms of iks 

dmnPpj of the prodmts when expanded^ with production of work, in the bore 
of a ffun suppossei imperwiom to heat 


Mean density 
of products of 
combustion. 

Number of ■ 
volumes of 
espaiisioru 

Tempemtiire. 

Degrees 

Centigrade. 

Mean density 
of products of 
combustion. 

■■ Number of 
volumes of 
expansion. 

Temperature. 

Degrees 

0‘ntigr»f!e, 

,„1*00 

1-0000 

2231 

•50 

2*0000 

2019 

, “95 

1-0526 

2209 

■ *45 

2*2222 

1996 

“90 

1*1111 

2188 

*40 

2*5000 * 

1971 

*85 

1*1765 

‘ 2167 

•35 

2*8571 

1943 

*80 

1*2500 

2146 

1 ..-SO. 

3*3333 

1914 

. *75 

1%3333 

- . 2126 ■ 

•25 

4*0000 

1881 

•70, ! 

1*4286 

: . 2105 

-20 

1 5*0000 

1 1843 

*65 ' 

1*5385 

1 2084 

•15 

6*6667 1 

1 1796 

•60 

1 *6667 

^ 2063 

•10 

10*0000 ’ 

1 1734 

*55 

1*8182 

1 2041 

*05 

20*0000 ' 

1 1637 


! L_ ! ! ! ! ? 

(i^j) WOMK EFFECTED BY GUKPOWDEE. 

Tlie theoretic work which a charge of gunpowder is capable of 
effecting during the expansion to any volume v is, as we have said, 
represented by the area betw^een the curve B, Plate XX. (p. 230), the 
ordinates corresponding to v and Vq, and the axis of abscissae. In 
mathematical language, it is expressed by the definite integral 

rp.dv . . . . ( 32 ) 

Eeplacing in this equation the value of p derived from Equation (30) 
we have for the work done by the powder in expanding from % to % 

w = ■ • • • (33) 

vff 

= W’lO + _ ^ iv,(l -a) y^+§\} _ 

The values of all the constants in this equation have already been 
given ; but for oiir present purpose it is convenient to determine the 
work which 1 grm. of powder is capable of performing for different 
degrees of expansion. Assuming, then, that a gramme of powder is of 
the gravimetric density of unity (that is, that it occupies a volume 
of 1 e.c.), we have = expressing the initial pressures 41-5 

tons (6320 atmospheres) in grammes per square centimetre, we have 
= 6,532,450 grms. per square centimetre. 

We have calculated W from (34) from various values of > up to 
and inclusive of ®=20. The results are embodied in the following 
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table, and are expressed ■ - both ■ - in kilogrammetres per kilogranime 
and foot-tons per Ik of po.wden.'': 

tAiih'E 20 .— th 0 total work that gunpowder is capable of per- 
f&rmbig in the bore of a gu-n, in kilogrammetres per kilogramme 
mid fooMom per Ih- of . powder burned^ in terms of the demity. of 
the prodmts of explosion. 



Total work that the gunpowder 
is capable of realising. 

Dptwiiy of prodaets 
of 

Numte.r of voliimesi' 
of expansion. : 

Per kilogramme 
burned in 
kilogrammetres. 

Per lb. burned 
in 

foot-tons. 

:*9-5 -, 

1*0526 

3210-8 

4-70 

' m 

1*1111 

6339*6 

9*29 

. *85 

1-1768 

9412-8 

13-79 

•80 

1-2500 

12443*3 

18*23 

*75 

1-333S 

15460-8 

22*65 

' -T'O - 

1*4286 

18488*1 

27-08 

'- -6-5 

1*5385 

21544-9 

31*56 

•60 

1*6667 

24650-8 

36*11 


1*8182. 

27841*9 

40*78 

^ -50 ' 

2*0000 

31153-7 

45*62 

. -45 

2*2222 

34614*0 

60-70 

•40 

2*5000 

38290*0 

56*08 

' *35 

2-8f.71 

42234-7 

61*86 

•30 

3*3333 

46565*9 

68*21 

- *25 

4*0000 

51414*8 

75*31 

•20 

5*0000 

57031*7 

83-53 

■ *17 

5*8824 

60952*1 

89*35 

•16 

6*2500 

62368*1 

91*45 

. ‘15 .' 

6*6667 

63884*4 

93*64 

•14 . 

7-1429 

65470*1 

95*94 

- *1.3 

7-6923 ■ 

67138*4 

98*39 

•12 

8-3333 

68940*1 

101*00 

' *11 

, 9*0909 

70855*4 

103*82 

•10 

10*0000 

72903*7 

106*87 

'- ‘0- 

11*1111 

75214*5 

110*18 

•s 

12*5000 

77679*9 

113*81 

'7 

- 14*2857 

80462*1 

117*85 

•6 

16-6667 

83582*1 

122*42 

■5 

20-0000 

' -87244*4 

i 

127*79 


The results embodied in this table are of very considerable 
ittiportaiice. They enable us; to say by simple inspection what is 
the iriaximiim work that- can ' be ■ obtained from powder, such,, as is 
employed by the British -GoYernment in any given , length .of gnn. 
To make use of the table, wa have 'only to find the volume. occupied 
by tile charge) (gravimetric- density = 1) and the number of .times this 
volume is contained in the -bore of -the gun.. The maximum work^ 

It Is hardly necessary to point out, that the velocity of the projectile at any 
point of the hore is directly deducible from Equation (34). For.the velocity being 

connected with the work by 'the equation ■ 

velocity = 

. :- » '. - . ■ y W ^ 
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per kilogranmie or pound wMcL the powder is capable of performing 
during the, given expansion, is then taken out from the table: and 
this work .being .multiplied by the- number of kilogrammes or pounds 
in .the charge, gives .the total maximum work. , Thus, for example, in 
an 18-ton 1.0-mch gun, a charge of' ?0 lbs. (31*75 kilos.) pebble- 
powder is fired, and we wish to know what, is the maximum work 
that the charge is capable of performing. We readily find that the 
length of the gun is such that 5*867 vols, ; and from the table 
we Jnd that 89*4 foot-tons or 61,000 kilogrammetres is the maximum 
work per lb. or per kilog. ; multiplying by the numTOr of pounclB 
or kilos., we find that 6258 foot-tons or 1,936,750 kilogrammetreH 
is the maximum work which the whole charge is capable of 
performing. 

As a matter of course, this maximum effect is only approximated 
to, not attained ; and for actual use it would be necessary to multiply 
the work so calculated by a factor dependent upon the nature of the 
powder, the mode of firing it, the weight of the shot, etc. ; but in 
service-powders fired under the same circumstances, the factor will 
not vary much. In the experimental powders used by the Com- 
mittee on Explosives, there were, it is true, very considerable 
differences, the work realised in the same gun varying from 56 
foot-tons to 86 foot-tons per lb. of powder; but with service- 
powders fired under like conditions this great difference does not 
exist. 

We have prepared at once, in illustration of the principles we 
have just laid down, as a test of the general correctness of our views 
and as' likely to prove of considerable utility, a table in whicli we 
have calculated, from, the data given, first, the total work .realised 
per lb. of powder burned for every gun, - charge, and description of 
.powder in the English service ; second, the maximum theoretic work 
per lb. of powder it would be possible to realise w*ith each gun and. 
charge; and third, the factor of effect with each gun and charge— 
that is, the percentage of the maximum effect actually realised. 

w 'beieg the weight of the shot, we have only to take out, from Eq.uation (34) or 
.Table 20, the value of W for any given expansion, multiply it by the “ factor of 
effect ” (see p. 206) for the particular gun, charge, etc. , and use in the above equation 
the value of W . so found. 

.. As an illustration, if it be required to determine the velocity at the muzzle of 
the 10-iiic!i gun under the circumstances discussed at p. 205, the total wrork, as 
shown in the text, 'which the charge is capable of effecting, is 625 S foot-tons ; 
multiplying this by the factor for the gunpowder and weight of shot, we have- 
W=4880 foot-tons ; substituting this value of W in the abo.ve equation, w^e obtain 
feet, or nearly, identical with the observed velocity, . . 



Table ir-kh thf data for calculation^ the work per Uk of powder realwed^ the fotal mit.vrnmm fliforetie 

irorki and the factor of effect for every tfun and charye in the Itritwh bcrvirc. 
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If the faotors of effect be examined, it will be observed how, in 
spite of the use of slow-burning and therefore imeconomical powders 
ill the large guns, the percentages realised gradually increase as we 
pass from the smaUest to the largest gnn in our table— the highest 
factor "being 93 per cent, in the case of the 38-ton gun, the lowest 
being 50*5 per cent, in the ease of the little Abyssinian gun. 

This difference in effect is of course in some measure due to the 
coxnniunication of heat to the bore of the gun, to which we have so 
frequently referred. 

(y) BITEJRMIKATIOK OF TOTAL THEOEETIC WOEK OF POWBEE 
WHEN INDEFINITELY EXPANDED. 

To determine the total work which powder is capable of perform- 
ing if allowed to expand indefinitely, the integral in Equation (33) 
must be taken between qo and If so taken, we have 

Total work = . . . (35) 

S) 

= 332,128 

gramme-metres per gramme of powder (486 foot- tons per lb. of powder). 

Bunsen and Schischkoff's estimate of the work which powder is 
capable of performing on a projectile, if indefinitely expanded, we 
have already given ; but their estimate (being only the fifth part of 
that at which we have arrived) is altogether erroneous, as these 
eminent chemists appear to have overlooked the important part which 
the non-gaseous portion of the charge plays in expansion. 

It is interesting to compare the above work of gunpowder with 
the total theoretic work of 1 grm. of coal, which is about 3,400,000 
grm.-units. The work stored up in 1 grm. of coal is therefore more 
than ten times as great as that stored up in 1 grm. of powder. 

The powder, it is true, contains all the oxygen necessary for its 
own combustion, while the coal draws nearly 3 grms. of oxygen from 
the air. Even allowing, howevei*, for this, there is a considerable 
inferiority in the work done by gunpowder, which is doubtless in 
part due to the fact that the coal finds its oxygen already in the 
form of gas, while a considerable amount of work is expended by the 
gimpo-wder in placing its oxygen in a similar condition. 

In an economic point of view also the oxygen stored up in the 
gunpowder is of no importance, as that consumed by coal costs noth- 
ing, while the oxygen in the powder is in a most expensive form. 
The fact is perhaps worth noting as demonstrating the impractica- 
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bility of making economic engines denying their motiye power from 
the force of gunpowder. 

(z) SUMMARY OF RESULTS. 

It only now remains to summarise the principal results at which 
we have arrived in the course of our researches; (a) when gunpowder 
is fired in a space entirely confined ; (J) when it is suffered to expand 
in the bore of a gun. • 

(а) The results when powder is fired in a close space are as follow, 
and for convenience are computed upon 1 grm. of powder occupying 
a volume of l o.c. :— 

1. On explosion, the products of combustion consist of about 57 
per cent, by weight of matter, which ultimately assumes the solid 
form, and 43 per cent, by weight of permanent gases. 

2. At the moment of explosion, the fluid products of combustion, 
doubtless in a very finely divided state, occupy a volume of about 
'6 c.c. 

3. At the same instant the permanent gases occupy a volume of 
4 C.C., so that both the fluid and gaseous matter are of approximately 
the same specific gravity. 

4. The permanent gases generated by the explosion of a gramme 
of powder are such that, at 0"^ Cent, and 760 mm. barometric pressure, 
they occupy about 280 c.c., and therefore about 280 times the volume 
of the original powder. 

5. The chemical constituents of the solid products are exhibited 
in Tables 3 and 6. 

6. The composition of the permanent gases is shown in the same 
tables. 

7. The tension of the products of combustion, when the powder 
fills entirely the space in which it is fired, is about 6400 atmospheres, 
or about 42 tons per square inch. 

8. The tension varies with the mean density of the products of 
combustion according to the law given in Equation (3). 

9. About 705 grna.-units of heat are developed by the decomposi- 
tion of 1 grm. of powder such as we have used in our experiments. 

10. The temperature of explosion is about 2200° Cent, (about 
4000° Fahr.). 

(б) When powder is fired in the bore of a gun, the results at 
which we have arrived are as follows: — 

1. The products of explosion, at all events as far as regards the 

' ■ ' : 

% ■ 
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proportions of the solid and gaseous products, are the same as in the 
case of powder fired in a close vessel. 

2. The work on the projectile is effected by the elastic force due 
to the permanent gases. 

3. The reduction of temperature due to the expansion of the 
permanent gases is in a great measure compensated by the heat 
stored up in the liquid residua 

4. The law connecting the tension of the products of explosion 
with the volume they occupy is stated in Equation (30). 

5. The work that gunpowder is capable of performing in expand- 
ing in a vessel impervious to heat is given by Equation (34), and the 
temperature during expansion is given in Equation (31). 

6. The total theoretic work of gunpowder when indefinitely ex- 
panded is about 332,000 grm.-metres per gramme of powder, or 486 
foot-tons per lb. of powder. 

With regard to one or two other points to which we specially 
directed our attention in these investigations, we consider that our 
results warrant us in stating that : — 

1. Very small-grain powder, such as E. G. and E. F. G., furnish 
decidedly smaller proportions of gaseous products than a large-grain 
powder (E. L. G.), while the latter again furnishes somewhat smaller 
proportions than a still larger powder (pebble), though the difference 
between the gaseous products of these two powders is comparatively 
inconsiderable. 

2. The variations in the composition of the products of explosion 
furnished in close chambers by one and the same powder under 
different conditions as regards pressure, and by two powders of 
similar composition under the same conditions as regards pressure, 
are so considerable that no value whatever can be attached to any 
attempt to give a general chemical expression to the metamorphosis 
of a gunpowder of normal composition. 

3. The proportions in which the several constituents of solid 
powder-residue are formed, are quite as much affected by slight acci- 
dental variations in the conditions which attend the explosion of 
one and the same powder in different experiments as by decided 
differences in the composition as well as in the size of grain of 
different /powders. 

4. In all but very exceptional results the solid residue fur- 
nished by the explosion of gunpowder contains, as important 
constituents, potassium carbonate, sulphate, hyposulphite, and sul- 
phide, the proportion of carbonate being very much higher. 
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and thali of sulphate very much lower, than stated by recent 
investigators.. 

Abstract of Experiments. 

In this abstract the following abbreviations are used : — 

<5 to represent the mean density of the products of explosion ; A 
the area of the piston of the crusher-gauge ; a the sectional area of 
the crushing-cylinder. 

Experiment 1, April 20, 1871. — The cylinder (Fig! 2, Plate X., 
p. 230) having been prepared for the experiments, was calibrated and 
found to contain 14,000 grs. (907*20 grms.). A charge of 1400 grs. 
(90*72 grms.) E. L. G. powder was then placed in the cylinder and fired. 

The gaseous products of combustion were collected in tubes and 
sealed. 

On opening the cylinder the solid products of combustion were 
found adhering to the sides pretty uniformly, but thicker at the 
bottom; they had to be scraped off for collection. 

^ A r/ Crusli, copper Pressure per 

cylinder. square mch.. 

•0940 -1667 -0417 -009 1-6 ton. 

Experiment 2, April 4, 1871. — Fired 3500 grs. (226*80 grms.) 
E. L. G. powder as above, in a similar cylinder, the powder exactly 
filling the space in which it was confined. 

The gas was retained in the cylinder for about a second, and 
then, owing to a want of accurate fit in the collecting-screw, made 
its escape with a considerable explosion, completely, so to speak, 
washing away every trace both of the male and female screw along 
the channel it cut out for itself. 

On opening the cylinder hut little solid residue was found, and 
that uniformly distributed over the surface, and about *07 inch thick. 

Its colour was of a very bright vermilion red, rapidly changing 
to black on the surface, and was similar in all respects to the deposit 
so often seen in the powder-chambers of heavy guns, 

Eesidiie collected and sealed up in a test-tube. 

. Cmsti, copper Pressure per 

V* “* cylinder. square inch. 

•915 *1667 *0833 *293 34*5 tons. 

Experiment 3, April 29, 1871. — Cylinder No. 6 calibrated and 
found to contain 14,702 grs. (952*68 grms.). 2940 grs. E. L. G. 
(190*54 grms.) were fired and the gases collected within fifteen 
minutes . after- firing. , ■ 
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Oe opening the cylinder the solid products were fonnd to be 
collected at the bottom, only a very thin light-coloured deposit being 
on the sides. . 

The appearance of the deposit was very different from any yet 
obtained, being grey on the smooth surface and very bright yellow 
in fracture. It was exceedingly hard and very deliquescent. 

The interior surface of the cylinder appeared quite bright when 
the deposit was removed. 

A portion of the deposit, whitish on the surface, dark grey next 
the cylinder, was collected and sealed in separate test-tubes. 

A tin cylinder was substituted for copper, to measure the crush 
in this experiment. 

. . Cruslij tin Pressure per 

V. cylinder. square incli. 

•1973 *1667 *0833 *165 2*67 tons. 

Experiment 4, May 10, 1871.— 4411 grs. (285*5 grms.) of E. L. G*. 
powder were fired in cylinder No. 7. Gases were collected, com- 
mencing seven minutes after explosion. 

On opening the cylinder the solid products were found in a mass 
at the bottom ; and the sides of the cylinder were also as noted in 
the last experiment. 

The residue, however, was of intense hardness, and the difficulty 
of removing it was very great. Hardly any could be got off in 
lumps, but it flew off like sand before the chisel. 

Copper firing-wire fused off and dropped in the form of a button. 

^ . Crush, copper Pressure per 

cylinder. square inch. 

•2963 -1677 *0833 *033 6*4 tons. 

Experiment 5, June 22, 1871. — Cylinder No. 6 calibrated and 
found to contain 15,859 grs. P. powder. Eired 1586 grs. (102*77 
grms.) P.; but, owing to the low jiressure, the cylinder did not 
become closed up very tightly, and most of the gas slowly 
,, escaped. ' 

Solid products at the bottom, and easily removed. Colour light 
grey on surface, dark grey next steel, shading into light grey near 
the ■ surface.' 

» a Crush, tin Pressure per 

cylinder. square inch. 

•1064 -1667 -0833 -042 l-39ton. 

Experiment 6, June 28, 1871.— Fired 1586 grs. (102-77 grms.) 
pebble in same cylinder (No. 6) as that used in the last experiment. 
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Nearly all the gas escaped from the same cause (defect of pressure). 
Products of combustion not collected. 

^ A a Crush, tin Pressure 

* * cylinder. in Ions. 

•1064 -1667 -0833 -032 1-26 

Experiment 7, June 28, 1871. — Fired 3150 grs. (204-12 grms.) 
pebble-powder in cylinder No. 6. Gas collected immediately. Solid 
products at bottom as usual, and tolerably easily detached. Colour 
whitish grey on the smooth surface, almost blachi next steel. 
Fracture yellowish green with splotches of grey. 

* A « Crush, tin Pressure 

• * cylinder. in tons, 

*2114 *1667 *0833 *188 2*93 

Experiment 8, June 29, 1871. — Eired 1686 grs. (102*77 grms.) 
pebble-powder in c}dinder No. 6. There was a slight escape of 
gas at first, but the plug soon tightened. Gas collected and sealed 
immediately. 

On opening the cylinder, the deposit was found principally at the 
bottom. It adhered very firmly, and was removed with great difliculty. 

The colour of the smooth surface was light grey and green, buff 
in one or two places. Fracture yellowish green. 

The portions of the residue that coidd not be removed with a 
chisel were dissolved out. 

The firing copper wires *07 in diameter were melted and had 
formed a button, having, however, rather long stumj)s. 

S. A. a. Crush, tin. Pressure in tons. 

•1064 -1667 -0833 -033 1-28 

Experiment 9, June 29, 1871. — Fired 4725 grs. (306*18 grms.) 
pebble in cylinder No. 4. 

On firing there was a slight escape of gas past the crusher-gauge. 

The gases were collected within five minutes of the explosion ; 
and after the tubes were sealed a rough measurement was made of 
the remaining (j^uantity of 
gas, which amounted to 
69,000 e.c. 

The residue was very 
easily detached from the 
cylinder. It was darker 
grey on the surface than in the last experiment. The fracture was 
a deep olive-green with a stratum of light grey in the middle, thus 
(see figure). 
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The deposife was all on the bottoni, excepting a very thin coating 
on the sides. Eiring-wires fused level with the plug. 

Orusli, copper Pressure 

B. A. a. cylinder. in tons. 

■3171 -1667 -0833 -018 4-90 

Experiment 10, July 5, 1871. — Fired 6344 grs. (411'09 grms.) 
P. powder in cylinder ETo. 6. Most of the gas escaped before enough 
could be collected. 

Residue was found, when the cylinder was opened at the bottom, 
not in the usual hard compact mass, but much looser in texture. On 
the surface there were three large spongy projections, presenting an 
appearance as if the surface had been broken by the escape of 
occluded gas, thus (see figure). 



Colour of surface grey in parts, also light yellow shading into 
dark yellow. Colour of fracture grey, shading off into dirty yellow 
and occasionally into gamboge. Powerful odour of sulphuretted 
hydrogen. 

V A f, Cnisli, copper Pressure 

cylinder. in tons. 

•4258 -1667 *0833 -054 8*4 

Experiment 11, July 5, 1871. — Fired 5881 grs. (381*09 grms.) 
R. L. G. in cylinder No. 4. Some little escape of gas past cruslier- 
plug. Residue very hard and adhering strongly to the side ; a portion 
obtained in solid lumps. Colour grey on surface, black next steel. 
Fracture olive-green. 

A good deal of the deposit was chiselled off in the form of fine 
dust, and this, when it had lain for a minute or two, heated very 
much, say to about 80° or 90° Cent., agglomerating into loose lumps 
and changing from a light greenish-grey colour to a bright yellow. 
A portion of this last deposit was collected in a separate bottle. 

When the crusher-gauge was taken out, the plug at the end was 
found to be broken right through transversely. 

The fracture was perfectly clean and bright; it was therefore 
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heat had sub- 

Pressure 
in tons, 

8-10 

Experiment 12, July 8, 1871.— Eired 6344 grs. (411"09 grms.) 
P. powder in cylinder 'Ho. 6. A good deal of leakage past the crusher- 
plug. Gas collected. Eesidue very hard, but it split off tolerably 
easily. The colour was grey throughout ; fracture rnimh the colour 
and appearance of slate. The difference in physical appearance 
between this residue and that in the last experiment was very great, 
the colour of the fine dust being grey, while in the last experiment 
it was a light yellow. 

^ , Crusli, copper Pressure 

cyliiicler. in tons. 

•4258 -1667 -0833 -063 9-1 

Experiment 13, July 12, 1871. — Eired 7351 grs. (476'34 grms.) 
E. L. G-. in cylinder No. 6. The products cut away the screw of the 
pressure-gauge and escaped. 

^ . Crush, copper Pressure 

0 , «• cylinder. in tons. 

•4934 -1667 -0833 -091 11-5 

Experiment 14, J uly 12, 1871. — ^Eired 7930 grs. (513'86 grms.) 
P. in cylinder No. 4. Gas and residue collected as usual. Cylinder 
tight. 

. Crush, copper Pressure 

0* «. cylinder. in tons. 

•5322 -1667 -0833 -100 12-2 

Experiment 15, July 22, 1872. — Eired, in cylinder No. 6, 1586 
grs. (102-77 grms.) of E. G. Cylinder perfectly tight. Gas and 
residue collected. 

^ . Crush, copper Pressure 

cylinder. in tons. 

•1064 -1667 -0467 -003 1-66 

Experiment 16, July 22, 1872. — ^Experiment 15 repeated with 
tin cylinder. 

. Crush, Pressure 

5. tin. in tons, 

•1064 -1667 -0467 -148 1-26 

Experiment 17, July 24, 1872. — ^Eired, in cylinder No. 6, 3172 
grs. (205‘55 grms.) F. G. Collected gas and residue. Eesidue very 


concluded that' it must have broken after the great 
sided. 


s. 

•3947 


A. 

•1667 


•0833 


Crush, copper 
cylinder. 

J51 
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liard, Imt not so dark in eolonr as that in Experiment No. 16. 
Surface dark grey, hut of a lighter colour when fractxired. A very 
thin coating on the sides of the cylinder. 

Small bright yellow crystals pretty uniformly distributed through 

tlie residue. 


3. -a- 

a. 

Crush, copper 
cylinder. 

Pressure 
in tons. 

•2129 -1667 

•0417 

■0475 

3-70 

Second experiment. 

■2129 -1667 

■0417 

•0435 

3-58 


Experiment 18.— Fired 4758 grs. (308*32 grins.) F. G. in cylinder 
No. 6. Cylinder perfectly tight. Collected gas and residue. 

On opening the cylinder the residue was found all collected at 
the bottom ; and it had eyidently run down the sides in a very fluid 
state, the deposit on the side being very thin. Colour on surface 
dark grey. Fracture more uniform than usual, there being no patches 
of yellow and hut few of a lighter colour. 

- A Orusli, copper Pressure 

a. cylinder. in tons. 

•3193 *1667 *0467 *132 6*75 

Experiment 19, August 26, 1872. — Fired, in cylinder No. 6, 6344 
grs. (411*09 grins.) F. G. Cylinder perfectly tight. Colour and 
fracture dark grey, nearly black; but in places both surface and 
fracture light grey. No appearance of yellow anywhere in this 
deposit. All the residues, so far, of F. G. differ very considerably in 
appearance both from pebble and E. L. G. 

The deposit on the sides was exceedingly thin, not more than 
*01 inch in thickness. 

* a Cnisli, copper Pressure 

cylinder. in tons. 

■4258 -1667 -0417 -222 9-98 

(This pressure rejected.) 

Experiment 20, August 28, 1872.— Fired, in cylinder No. 6, 7930 
grs. (513-86 grms.) F. G. Cylinder was absolutely tight. Gas 
collected in the usual manner. On opening the cylinder and remov- 
ing the firing-plug, observed that the little button of residue adher- 
ing to the firing-plng, when cirt into, had a large well-defined 
crystalline structure, the crystals being transparent although the 
surface of the button was dark grey. Sealed a portion in a tube for 
examination. 



:researches on explosives' : Mf 

. Resicl lie in mass at: bottom of cylinder as usual ; next . to , nothing, 
on sides. Colour and fracture much the same as in the last experi* 
ment, hut the centre much lighter grey. 

^ A „ Crasli, copper Pressure 

’ " cylinder. in tons. 

•5322 -1667 *0834 -145 

(This pressure rejected.) 

Experiments 21 to 24. — These experiments discarded. 

iV^.— From Experiment 16 inclusive, the crusher-gauge was put 
loose in the charge of powder to be fired ; but it having been found 
that the crusher-gauge was heated to such an extent as to soften the 
copper cylinder and thereby affect the observations, these experiments 
were repeated, as far as regards the pressure determinations, in 
Experiments 25 to 32. 


Experiment 25, October 1, 1872. — Fired 2974 grs. (192*72 grms.) 
F. G. in cylinder No. 7. 


0. «• 

•3860 -0834 -0417 

Crusli, copper 
cylinder, 

•051 

Pressure 
in tons. 

7-68 

Experiment 26, October 17, 1872.- 
F. G. in cylinder No. 6. 

-Fired 1586 grs. 

(102-77 grms.) 

5, A. a. 

•1064 -0834 -0417 

Crusli, tin 
cylinder. 

•016 

Pressure 
in tons. 

0*96 

Experiment 27, October 18, 1872.- 
F. G. in cylinder No. 6. 

-Fired 3172 grs. 

(205*55 grms.) 

d. A. a. 

*2129 *0834 -0417 

Crush, copper 
cylinder. 

•008 

Pressure 
in tons. 

3-0 

Experiment 28, October 18, 1872.- 
F. G. in cylinder No. 6. 

-Fired 4758 grs. 

(308'32 grms.) 

5. A. a. 

•3193 *0834 *0417 

Crush, copper 
cylinder. 

•032 

Pressure 
in touvS. 

6*32 

Experiment 29, October 19, 1872.- 
F. G. in cylinder No. 6. 

-Fired 6344 grs. (411-09 grms.) 

5, A. a. 

*4258 *0834 -0417 

Crush, copper 
cylinder. 

•074 

Pressure' 
in tons. 

,'■,,9*34' 
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Experiment 30, October 21, 1872. — ^Fired 7930 grs. (513‘86 grms.) 
P. G. in cylinder No. 6. 

5 , . Cmsli, copper Pressure 

o. cylinder. in tons, 

•0322 ’OSBi *0417 *104 11-48 


Experinieiit 31, October 29, 1872. — Fired 3507*5 grs. (227*286 
grms.) F. G. in cylinder JTo. 7. 

j, . Crusli, copper Pressure 

0 . cylinder. in tons. 

•4615 . -0833 -0417 -065 8-68 

Experiment 32, October 31, 1872.— Fired 3719 grs. (240-991 
grms.) F. G.. in cylinder No. 7. 

* jL Grusli, copper Pressure 

‘ cylinder. in tons. 

•4893 *0833 -0417 *085 10-14 

Experiment 33 (repetition). — ^Fired 2980 grs. (193*104 grms.) P. 
in cylinder ISTo. 6. 


s A „ Crusli, copper Pressure 

cylinder. in tons. 

•200 *0833 -0417 -006 2-70 

Experiment 34 (repetition). — Fired 4470 grs. (289*656 grms.) P. 
in cylinder 17o. 6. 

« A f, Crusli, copper Pressure 

cylinder. in tons. 

•300 -0833 -0417 -020 6-40 


Experiment 35. — Eired 4560 grs. (295 ’488 grms.) P. in cylinder 
No. 7. 

sf * „ Crush, copper Pressure 

cylinder. in tons. 

•600 *0833 *0417 *136 13*78 


Experiment 36. — Fired 4560 grs. (295*488 grms.) P. in cylinder 
No. 7. Gas escaped. 

» a „ Crush, copper Pressure 

* cylinder. in tons. 

•600 -0833 -0417 -132 13-50 


Experiment 37, November, 26, 1872. — Fired 4560 grs. (295-488 
grms.) P. in cylinder No. 7. 

On firing, a slight quantity of gas escaped with a puff. Gas 
collected. Surface of the deposit was rough and dark-looking. 
Fracture grey, with greenish-yellow patches in places ; hardly any 
deposit on sides. 


5. A. 

•600 -0833 


„ Crush, copper 

“• cylinder. 

•0417 -150 


Pressure 
in tons. 


14-80 
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Experiment 38, November 28, 1872. — Fired 5320 grs. (344*736 
grma) P. in cylinder No. 7. 

A good deal of gas escaped throngb the gas-hole. Gas collected 
as usual. On opening, all the residue was found at the bottom ; but 
in cooling the residue had contracted very much, separating on one 
side from the cylinder and leaving a considerable crack. The surface 
had a frothy appearance, as if occluded gas had been given off while 
still fluid. Colour dark grey on surface. Texture much more open 
than usual. Very much less yellow than in last experiment, and 
darker in colour than in Experiment 36, from which the gas escaped. 
Examined the colour carefully next day, and found it had become 
more yellow, although not so yellow as the residue in Experiment 37. 

^ . Crusli, copper Pressure 

cylinder. in tons. 

•7000 *0833 *0417 -203 18-60 

Experiment 39, November 29, 1872. — Fired 4560 grs. (295*488. 
grms.) E. L. G. in cylinder No. 7. Cylinder was perfectly tight. 
Residue all at bottom, and firmly attached to sides. Surface level, 
but little dark roughnesses all over it. Colour and fracture much the 
same as in last experiment, but a little more grey. 

> . Ornsli, copper Pressure 

cylinder. in tons. 

•6000 -0833 -0417 -144 14-36 

Experiment 40, December 2, 1872. — Fired 4560 grs. (295*488 
grms.) F. G. in cylinder No. 7. 

Cylinder tight, but a slight smell of sulphuretted hydrogen per- 
ceptible. Thirty seconds after explosion the cylinder was placed at 
an angle of 45°, and retained there for two minutes. When cylinder 
was opened the deposit was found lying at this angle, the surface 
being smooth and the edges sharply defined. Hence the deposit must 
have been perfectly fluid half a minute after explosion, and perfectly 
set two minutes later. Surface of deposit dark greenish grey; 
fracture much the same colour, and considerably darker either than 
that of E. L. G. or P, The bottled deposit had a powerful smell of 
ammonia. 

Crusli, copper Pressure 

d, cylinder. in tons. 

•6000 *0833 -0417 -141 14‘14 

Experiment 41, December 3, 1872. — Fired 5320 grs. (344*736 
grms.) E. L. G. in cylinder No, 7. 
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One minute after firing, the cylinder was placed at an angle of 
45^ Forty^five seconds later the position of the cylinder was reversed. 

Cylinder quite tight. On opening, 
it was found that one minute after 
explosion the deposit had just com- 
menced to congeal on the top, a thin 
crust having been formed, which 
was broken through when the 
cylinder was returned to its original 
position ; but a considerable por- 
tion of the crust was left. The 
sharpness with which the cylinder 
had struck its rest had made the 
deposit run up the side, as at a. 
Hence, a minute after explosion, 
the deposit was in a very fluid 
state, but had just begun to set. It could not, as evidenced by 
the mark at a, have been viscid. Forty-five seconds later the 
deposit was perfectly set. Colour dark grey with a dark olive-green 
hue. A few cavities in the deposit. 

« . Crusli, copper Pressure 

cylinder. in tons. 

•7000 *0833 -0417 *216 19*54 



Experiment 42, December 4, 1872. — Fired 6320 grs. (344*736 
grms.) F. G. in cylinder No. 7. 

Cylinder tight, but slight smell of SH 2 . On opening the cylinder, 
the nose of the crusher-plug was found to have broken off, and it lay 
loose on the top of the deposit, showing that it must have fallen off 
after the deposit was solid. Crusher covered with slight deposit and 
numerous small crystals, apparently sulphide of iron. Deposit more 
like that of P. and 11. L. G. than formerly. The bottled residue smelt 
most powerfully of ammonia too powerfully to hold to the nose. 


» A « Crush, copper 

“• ■*- a. cylmdor; 

■7000 -0833 -0417 -197 


Pressure 
in tons. 


18-2 


Experiment 43, December 5, 1872. — ^Fired 6080 grs. (393-984 
grms.) pebble-powder in Ko. 7 cylinder. 

Cylinder perfectly tight. 


A. a. 

■8000 -0833 -0833 


Pressure 
in tons. 


28-6 


Crush, copper 
cylinder. 

•126 
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Experiment 44, December 6, 1872.— Fired 6080 grs (■393-984 
grms.) E. L. G. in cylinder No. 7. ' 

A small quantity of gas leaked shortly after explosion. Deposit 
had a great many bright crystals (sulphide of iron) diffused through it. 


5. A. a. Crush, copper Pressure 

cylinder. in tons 

•8000 -0833 -0833 -100 24*4 

Experiment 45, December 17, 1872.— Fired 6080 grs. (393-984 
grms.) F. 6*. in cylincJer No. 7. " 

Gas escaped past cone. 


5, A. a. Crush, copper Pressure 

cylinder. in tons. 

-8000 -0833 *0833 *092 23-2 

Experiment 46, December 24, 1872.— Fired 3800 grs. (246-286 
grms.) R. L. G. in cylinder No. 7. 

The weight of the mild steel cylinder was 72,688 grms. After 
firing, the cylinder being perfectly tight, 9912 grms" water were 
added. 


Uelir. 

The temperature of the cylinder before firing was 54°-15 (12°-28). 
The temperature of the water before firing was . 55°-75 (13°-20). 


After firing, the following observations of temperature were made, 
that of the room in which the observations were made being 56” 
Fahr. (13°'35 Cent.):— 


Temperature of water before explosion 

Fahr. 

55°-75 

Cent. 

(13°-20). 

)3 

33 

5 min. after explosion 

67°-0 

(19”-4). 

3} 

33 

10 „ 

70°-8 

(2r-5). 

33 

33 

Ih „ „ 

7r-i 

(2r-66). 

33 

33 

20 „ 

7r-2 

(2r-7i> 

33 

33 

25 

7r-o 

(2r-6). 

33 

33 

30 „ 

70°-8 

(2r-6). 

33 

33 

35 „ 

70°-5 

(2r-35). 

33 

33 

40 „ 

70'’-5 

(2r-35). 

33 

33 

45 „ 

70°-4 

(2r-30). 

33 

33 

50 „ 

70°-3 

(2r-25). 


Since in twenty minutes the mass cooled by 0°-7, this amount 
should be added to the maximum temperature of the water. 

At fifty-five minutes after the explosion the gases were suffered 
to escape, and water taken from the calorimeter was placed in the 



222 RESEARCHES ON EXPLOSIVES 

cylinder. Tke temperature of the water was found to be 69°-4 Fahr, 
(20°-72 Cent.). iV..8.— Volume of deposit = 1180 grs. (76-464 c.o.). 

Crush, copper Pressure 

d, cylinder. in tons. 

•5000 -0833 ‘0417 *090 10*48 

Experiment 47, December 28, 1872. — Fired 6080 grs. (393*978 
grms.) F. G. in same cylinder as was used in last experiment. After 
firing, the cylinder was at once placed in a vessel prepared for it, 
filled with water. There was a slight crackling sound, but no 
escape of gas, except a few minute bubbles, which, however, soon 
ceased. 

Weight of cylinder . . . . . 72,688*0 grms. 

„ water . . . . . 15,340*0 „ 

Temperature of cylinder before experiment , 5 7®* 5 Fahr. 

„ water ,, . 60“*45 Fahr. 

and the heat generated by the explosion raised the common tempera- 
ture of the cylinder and water to 80°45 Fahr. (26^*87 Cent.). Hence 
the steel was raised through 22‘^*95 Fahr. = 12°*75 Cent. ; water 
through 20°*00 Fahr. = 11"*11 Cent 

Eesidue and gas collected from this experiment. 


R \ a Crush, copper Pressure 

* cylinder. in tons. 

•8000 -0833 -0833 -117 27-1 

Experiment 48. — Fired 3800 grs. (246'286 grms.) F. Gr. in same 
cylinder as before, and with the same arrangements. On placing the 
cylinder in the water, a few very small bubbles escaped from the 
firing-plug, and this slight escape continued during the experiment. 

Weight of cylinder ..... 72,688-0 grms. 

„ water . . . . . 14,158 „ 

Temperature of cylinder before experiment . 56°-6 Fahr. 

„ water „ . 59°-15Fahr. 


and the heat generated by the explosion raised the common tempera- 
ture to 71°'9 Fahr. (22°15 Cent.). Hence the steel was raised through 
15°‘4Fahr. = 8°'555 Cent.; water through 12°-75 Fahr. = 7°-083 Gent. 

Amount of deposit = 1038 grs. (67-262 c.c.). The deposit seemed 
to have contracted, since solidification, from '2 to -25 inch. 

s A a Crusli, copper Pressure 

cylinder. in tons. 

•6000 -0833 -0417 -090 10-48 
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Experiment 49.— Fired 6080 grs. (393-978 grms.) E. L. G. in same 
cylinder. Cylinder perfectly tight, but before placing in water crack- 
ling sound noticed. 


Cylinder weighed . . 

Water „ 

Temperature of cylinder before explosion 
yy water 

s} room . . . 


72^688 grms. 
14 ^ 84:5 „ 

46°*2 Fabr. 
5r-85 Fabr. 
er Fabr. 


and the beat generated raised the common temperature of C}dinder 
and water to 71°‘32 Fabr. Hence steel raised through 25''*12 Fahr.= 
13°*95 Cent. ; water through 19°-47 Fahr. = 10°‘82 Cent. 

Amount of deposit = 1900 grs. (123*120 C.C.). 

^ A ff Cruslij copper Pressure 

“* cylinder. in tons. 

•8000 *0833 *0417 -265 23*2 


Experiments 50 to 52. — ^These experiments were undertaken to 
measure the volume of gas produced by the explosion of a given weight 
of powder. The gas was allowed to escape into a gasometer charged 
with a saturated saline solution ; but as it was found that a consider- 
able quantity of gas was absorbed by the water, this apparatus was 
replaced by the more perfect one described in the body of the 
paper. 

Experiment 53, February 6, 1873. — Fired 5960 grs. (386*2 grms.) 
P. powder in cylinder hfo. 6 ; measured the quantity of gas produced. 

Quantity of gas produced . . . . 112,455*5 c.c. 

Temperature of gas when measured , . Cent. 

Barometric pressure . . . . . 767 mm. 

Experiment 54, February 7, 1873. — Fired 5960 grs. (386*2 grms.) 
P. powder, with same arrangements as in last experiment. 

Quantity of gas measured .... 110,633*4 c.c. 

Temperature of gas when measured . . 17“*2 Cent. 

Barometric pressure . . . . 770 mm. 

Experiment 55, February 8, 1873. — ^Fired 5960 grs. (386*2 grms.) 
E. L. G., with same arrangements. 

Quantity of gas measui*ed . ... 110,269*6 c.c. 

Temperature of gas when measured . . 16°‘0 Cent. 

Barometric pressure . . 774 mm. 
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Experiment 56, February 10, 1873.— Fired 5960 grs. (386’2 grms.) 
F. G. under same couditioBS. ■ 

Quantity of gas measured . . . ■ 104,875*3 c.c. 

Temperature of gas . . ' . - 15°*0 Cent. 

Barometric pressure . . . • • 775 mm. 

Experiment 57, February 11, 1873. — Fired 5960 grs. (386*2 grms.) 
F. G. imder same arrangements. 

Quantity of gas measured .... 103,345*2 c.c. 

Temperature of gas . . . . . 13°*3 Cent. 

Barometric pressure . . . . . 7 68 mm. 


Amount of deposit measured, and found to occupy a space of 
115*34 c,c. The deposit appeared not to have contracted much after 
solidification; but it had parted from the side, leaving a crack about 
0*04 inch (1 mm.) wide. 

Experiment 58, February 12, 1873. — ^Fired 5960 grs. (386*2 grnis.) 
E. L. G. Same arrangements. 


Quantity of gas measured 
Temperature of gas 
Barometric pressure 
Deposit occupied a space of . 


107,354*5 c.c. 

Cent. 
772 mm. 
110*8 c.c. 


Experiment 59. — ^Experiment on mode of closing firing-plug. 
Experiment 60, March 5, 1873. — Fired 5960 grs. (386*2 grms.) P. 


Quantity of gas 
Temperature of gas 
Barometric pressure 
Deposit occupied a space of . 


114,059*7 c.c. 
IQ*" Cent. 

765 mm. 
111*78 C.C. 


Experiment 61, Mar|jh 6, 1873,^ — Fired 5960 grs. (386*2 grms.) 
RL. G. 


Quantity of gas . . . 

Temperature of gas . . 

Barometric pressure 
Deposit occupied a space of . 


111,367*5 c.c. 
15°*94 Cent. 
755*6 mm. 
105*30 c.c. 


Experiment 62.— Fired 5960 grs. (386*2 grms.) F. G. 


Quantity of gas . . 

Temperature of gas . . 

Barometric pressure . 
Deposit occupied a space of . 


. 108,881*8 c.c, 

. 19^*61 Cent. 

. 739*4 mm, 

. 108*5 c.c. 
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Experiment 63.— Fired 3800 grs. (246'286 grins.) E. L. G. to 
determine heat. Cylinder quite tight. 


Pill) 


Cylinder weighed 
Water ^ 

Temperature of cylinder before explosio 


water 

room 



72,688 grms. 
15,655-4 gmis. , 
5r*4F.(10°-72C). 

51- 65'Fahr.i 

52- 5 Fahr. 


The heat generated raised the temperature of water and cylinder 
to 64°-25 Fahr. 

Hence steel raised through 12°*25 Fahr. = 7°T39 Oeiitl; water 
through 12°*6 Fahr. = 7°*0 Cent. 

Experiinent 64.— Fired 5960 grs. (386*2 grms.). 


Quantity of gas 106,625-0 c.c. 

Temperature of gas , . . . . 16“*55 Cent. 

Barometric pressure . . . . .758*2 mm. 

Experiment 65. — Fired 6840 grs. (443*23 grms.) P. in cylinder 
No. 7. This charge filled the cylinder nearly quite full. Cylinder, 
on firing, cracked between the firing and eruslier-plugs. Crack 
about *5 mm. wide. Eeport very loud. 

A Cnisl), copper Pressure 

cyliuder. in ton.s. 

•900 -0833 -0833 -156 33-4 

Experiment 66. — Fired 6840 grs. (443*23 grms.) P. In about a 
second after firing, the gas made a fizzing sound, and in about another 
second escaped by blowing out the gauge-plug with a loud report. 
Lower threads of the screw on the crusher-plug washed away by the 
escape of the gas. 

« . Crush, copper Fressura 

0* cylinder. in tons. 

•900 *0833 -0833 -145 31*6 

Experiment 67. — ^Experiment on mode of detonating a charge. 

Experiment 68.— Fired 6840 grs. (443*23 grms.) E. L G. 
Cylinder and all parts perfectly tight. Eesidue and gas collected. 
Observed that the deposit had apparently not contracted much. 

On the firing-plug were several congealed drops of deposit like 
icicles, and on the surface below, spots, which had apparently dropped 
from above, were visible. 

Surface of deposit dark grey, almost black. 

Fracture olive-green, with frequent spots of brilliant yellow, of 
the size of a piiTs bead. 

P ■ ^ 
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Top part of deposit put in separate bottle from bottom part, each 
sample being ground and mixed carefully in an atmosphere of dry 
nitrogen. 

Crushj copper Pressure 

o. cylinder. in tons. 

•900 *0833 ‘0833 T68 35*6 


Experiment 69, May 29, 1873.— Fired 6840 grs. (443*23 grms.) 
F. G. Cylinder, etc., perfectly tight. On opening the cylinder, found 
white crystals deposited on firing-plug. Deposit very dark, and 
more greasy than usual. 

Fracture dark grey, with only few spots of yellow. 

Deposit first taken did not heat ; but there was great difficulty 
in getting it to grind in an atmosphere of dry nitrogen. 

The portion we succeeded in grinding was sealed in test-tube, 
marked Experiment 69c&. Unground portion sealed in test-tube, 
marked B. Bottom portions of the deposit, when exposed to the air, 
changed with great rapidity to a bright yellow on the surface, with 
development of heat. It was got as rapidly as possible into the mill, 
and was easily ground in dry nitrogen. This was sealed in bottle, 
marked G, while some unground lumps were marked D. 

A mixture of the top and bottom was ground in nitrogen, and 
was marked E. 

Transparent crystals (on firing-plug) also preserved in small tube. 


A. 

900 -0833 


Crush, copper Pressure 

cylinder. in tons. 

•0833 -118 27-2 


Experiment 70, October 20, 1873.— Fired 3800 grs. (246*286 
grms.) E. L. G. by means of a detonator containing 2 grins, of 
fulminate of mercury. Cylinder perfectly tight. Eesidue full of 
lustrous scales, otherwise of usual appearance ; considerable lump of 
metal foimd in bottom (firing-wire and detonator-case). 

A Crush, copper Pressure 

cylinder. in tons. 

•500 *1667 *0833 *081 10*7 

Experiment 71, October 22, 1873. — Last experiment repeated 
with similar results. 

R A a Crush, copper Pressure 

* ’ ' cylinder. in tons. 

•600 -leeT -0833 -086 11-10 

Experiment 72, October 24, 1873.— Fired, with a view to 
determine the amount of heat absorbed by a gun when fired, nine 
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xoiHids of 1, lb. 12 oz. (793*788 grms.) E. L. G. in a 12-pr.,B.L.,giin.; 
weight • of sliot, 11 lbs. 12. oz. (5,329'72 grim). Temperature of air, 
46°'2Fahr. 

Time of firing, six minutes. After firing, the gun was at once 
placed in a vessel of water and the changes of temperature observed. 
The following are the data : — 

Weight of gun . . . 387,141*6 grms. 

Weight of water . . . 192,777*0 „ 

Temperature of gun and water before firing, 47^*0 Fahr. ; the 
heat communicated to the gun by nine rounds raised the common 
temperature of the gun and water to 51® *16 Fahr. 

Hence the heat raised the water and gun through 4®'15 Fahr. =? 
2°-305 Cent. 

Experiment 73. — ^Fired five rounds 1*5 lb. (680*39 grms.) E. L. G. 
in a 12-pr. B.L. gun. 

Weight of shot 
Temperature of air . 

Time of firing . 

Weight of gun 
Weight of water 
Temperature of gun and watei 

9 } 3 ? 33 

Hence the heat communicated to 
raised gun and water through . 

Experiment 74. — Exposed four crucibles filled with deposit from 
Experiment 36 to most intense heat of one of Siemens gas furnaces ; 
one crucible uncovered, the rest covered. Temperature estimated at 
1700® Cent. A portion of the residue spirted immediately and then 
became quiet. On removal from the furnace half an hour afterwards, 
a little vapour was observed coming from the crucibles. Their 
contents were perfectly liquid, setting at about 700° or 800° Cent. 

The colour of the contents when cool was a bright sealing-wax 
red, similar to the deposit found in the chambers of guns, turning 
black on the surface on exposure to the air: sealed for examination. 

Experiment 75, November 1, 1873.— Experiment 20 repeated, 
3800 grs. (246*286 grms.) F. G, analysis of 20 being imsatisfactory. 
W"hen exploded, cylinder perfectly tight ; had to put a drop of water 
in gas-hole before gas would come away, the hole being sealed by 
the deposit. 


before firing 
after ,, 


532*75 grms. 
46°*5 Fahr. 

minutes. 
387,141 *6 grms. 
68,810*1 
45‘^*7 Fahr. 

50“ *55 Fahr. 


the gun ^ 2°-694 Cent. 


228 EESEARCHES ON EXPLOSIVES 

Residue when got out very dark in colour; no yellow or green 
apparent when put in bottle; after grinding in nitrogen, a little heat 
appeared to be developed and a tinge of yellow appeared. 

. Orasli, copper Pressure 

o. cylinder. in tons. 

•6000 -1667 -0833 -076 10-2 

Experiment 76, ITovember 3, 1873. — Experiment 43 repeated, 
results of analysis of previous experiment being irreconcilable ; 6080 
grs. (393'986 grms.) P. 

On opening the cylinder, observed that the contraction was 
greater than usual ; nothing else remarkable. 

^ t Orusli, copper Pressure 

n., . cylinder. in tons. 

•8000 -0833 •0833 -098 24-2 

Experiment 77, IsTovember 13, 1873, — Fired 6840 grs. (417*312 
grms.) P. After firing, the cylinder was allowed to stand for 60 
seconds, then tilted over to an angle of 45"" and replaced. At 75 
seconds after firing, it was again tilted on a different place, and so on 
up to 2 minutes. 

On opening the cylinder it was found at 60 and 75 seconds after 
explosion the deposit was perfectly fluid ; at 90 seconds it was rather 
thick, and at 105 seconds it hardly moved. 

The development of the interior surface of the cylinder appeared 
thus (see figure). 



A. a. Crush, copper Pressure 

cylinder. in tons. 

•9000 -0833 -0833 1-44 31-4 

Experiment 78, January 12, 1874.~Pired 5320 grs. (344-74 
grms.) in the same cylinder. On opening, the colour of the deposit 
was a lighter grey than usnaL The contraction after setting appeared 
to be considerable, apparently '2 inch. 
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In this experinient, before firing, a piece' of the finest platimini 
wire,* also a piece of sheet platinum about 1 inch (26 mm.) square 
and *03 inch (*76 mm.) thick,' were placed among the powder. , .After 
thO' explosion, the thin platinum wire had disappeared, but small 
globules of the metal were found in many places welded to the 
surface of the cylinder. 

The sheet platinum was not melted, but was doubled up; there 
were appearances, however, of fusion on its surface, and in places the 
platinum wire had been welded to the sheet. The weight of the 
sheet platinum was about 0*25 oz. (about 6 grms.). 

' 5. A. a. Crush. rrmsiire in to.D8. 

•7 -0833 *0833 *067 18*9 


Exj)eriment 79, January 14, 1874. — Fired 5320 grs. (344*74 
grins.) Spanish pebble-powder ; put in a coil of platinum wire *06 
inch (1*52 mm.) in diameter, weighing about 15 grins. 

The platinum after the explosion was found in a lump at the 
bottom of the deposit thoroughly fused, with the exception of a small 
portion. Colour and appearance of residue rather different from the 
ordinary. There were a good many light-coloured splotches. The 
surface of the deposit was broken and rough, as if by the escape 
of gas. 


5. A. «. Crush. Pressure in tons. 

■700 -0833 -0833 -056 17 


Experiment 80, January 16, 1874. — Fired 5960 grs. (386'21 
grms.) E. F. G-. 


Quantity of gas measured 
Temperature of gas 
Barometric pressure 


109,540 c.c. 
18°-33 Cent. 
729 mm. 


Experiment 81. — Fired 5960 grs. (386-21 grms.) pebble (Spanish). 

Quantity of gas measured .... 98,607'7 c.c. 

Temperature of gas 16°-67 Cent. 

Barometric pressure ..... 735 mm. 


Experiment 82.— Placed in a Siemens furnace, at a temperature 
of about 1700° Cent., two crucibles, one containing po-wder-residue, 
the other equal weights of potassium carbonate and liver of sulphur. 
On first placing them in the furnace a little ebullition took place, 
apparently in both crucibles, but with some violence in the crucible 

* Wound round the sheet platinum. 
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with, powder-residue. This ebullition, however, soon subsided, and a 
slow volatilisation appeared to proceed. On taking the crucibles 
from the furnace, the height of the contents (which left marks on the 
crucibles) was noted, and the volume of the deposit and the amount 
of contraction were measured by means of mercury, with the following 
results: — 

Potvder-residue. 

Volume at 1700° Cent. ~ 17*859 c.c. 

Volume at 0° Cent. = 10*044 „ 

7*815 „ 

Expansion between 0° and 1700® = 7’815 c.c. = 77*8 per cent. 

Potassium carbonate and liver of sulphur* 

Volume at 1700° Cent. - 28*188 c.c. 

Volume at 0° Cent. — 14*580 ,, 

13*608 „ 

.*. Expansion between 0° Cent, and 1700° Cent. = 13*608 = 93*3 
per cent. 

With the above two crucibles there was also a third, containing 
powder-residue, and in this crucible a piece of platinum was placed. 
The expansion measured was over 100 per cent, but could not be 
depended on, on account of the platinum. The metal was not 
appreciably altered by the heat. 

Experiment 83. — ^Experiment 79 repeated. 

Experiment 84— Eired 5320 grs. (344*74 grms.) F. G. in small 
cylinder. Put a piece of platinum wire 4 inches long (100 mm.), 
16 W. G. (1*5 mm. in diameter), with the powder. This wire showed 
signs of fusion on the surface, but was not at all melted. 

Experiment 85, February 18, 1874— Fired 5320 grs. (344*736 
grms.) R. L. G. in cylinder. Placed in cylinder a piece of platinum 
wire 4 inches (100 mm.) long and 0*04 inch (1 mm.) in diameter. 
The wire was superficially fused, but otherwise little altered. ISTo 
crusher used, the gauge having been destroyed in Experiment 83. 

Experiment 86, February 19, 1874 — Fired 5320 grs. (344*736 
grms.) R L. G. in same cylinder. Placed in the cylinder a piece of 
platinum wire of same dimensions as in last experiment, also the 
same length of copper wire, 0*13 inch (3*2 mm.) in diameter. The 
copper was completely fused, and firmly attached to the cylinder, it 
being found necessary to remove it with a chisel. The platinum 
wire was superficially fused, as in the last experiment. 
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During the course of the experiments that we have undertaken in 
extending our researches on explosives to the investigation of the 
action and results of fired guncotton, we have had occasion to 
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examine some points 'connectecl 'with, tlie subject of oiir. former 
iiienioir on Fired Gunpowder’’;, and as the attention. 'wMcli the 
researches described in that memoir have .received, especially on the 
Contineiitj is an . evidence both of the theoretical and practical 
importance of our subject, we propose, prior to laying before the 
Society our researches on guncotton, to discuss a few points of 
considerable interest which have arisen . out of our former investi- 
gations, and to, give the results ■■of; some further experiments on' 
gunpowder. 

The Aeadeiny of Science's of. France having done us the honour 
to appoint a 'O'emmission to report on our researches, there, have 
appeared in tM ^ Gom^tes , Bmdus s. ■ j.oint report ,"^,, .by General 
Morin and MriBerthetot,.aiid. twof separate memoirs' on certain 
chemical points by the latter savant/ ^ ^ ^ ^ ^ ^ 

The M.gh appreciation of our labours shown, by the . Acad.emy has 
induced us to pay special attention to-., one , or two - points mentioned 
by the distinguished reporters .as being, open, to discussion ;, we will 
now proceed to, consider them, and to detail some, further experiments, 
calculated to throw light upon the different 'questions, raised. 

'. The principal points to which General Morin and M. Berthelot 
draw attention, are— . . ' . , 

1. Potassium hyposulphite has been found as one of the products 
.of .combustion of gunpowder by every' recent investigator. But the 
f|ue8tion arises,, .Is. this product either wholly or in part pidmary? 
Or is it to be considered as secondary, formed from the primary 
products during the rapid loss of heat to which they are exposed ? 
Or is it, finally, to be considered only as formed from the sulphide 
by the absorption of oxygen, during the processes of removal from 
the cylinder and -of analysis, and therefore to be regarded as an 
accidental product ? 

2. In the inemoir in question we stated that, according to our 
view, '‘any attempt to express, .even . in .a complicated , chemical 
equation, the nature of the metamorphosis which a gunpowder of 
average composition may be considered to undergo, would only be 
calculated to convey an erroneous impression as to the simplicity or 
definite nature of the chemical results and their uniformity under 
different conditions, while possessing no important bearing upon an 
elucidation of the theory of the explosion of gunpowder.’’ 

M. Berthelot, however, in a memoir upon the explosion of powder, 
based on our results, proposes to represent these results by a system 

* tom. Ixxxii., p. 487, t , pp. 400 and 469. 
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of siniiiltaneons equations expressing tlie chemical nietainorphosis 
undergone by powder, at least as far as regards its fimdaiiiental 
products. , 

3. In the joint report of General Morin and M. Berthelot, and in 
the separate memoir above referred to of M. Berthelot, special 
attention is called to the heat disengaged by the explosion, and our 
determination, presented, as the reporters point out, with some 
reserve, is considered to be too low, partly because the apparatus used 
did not admit of extreme delicacy, and partly because higher deter- 
minations have been made by M. Tromenec and MM, Eoux and 
SarraiL 

We now proceed to the discussion at length of these points, 
prefacing our remarks by Tables 1 and 2 hereto annexed (see 
pp. 235, 236, and 237). 

Table 1, in addition to giving the results of one* or two analyses 
which had not been completed vrhen our first memoir was published 
(we have not considered it necessary to repeat the portions of this 
table already published), shows the mean percentage composition, 
by volume, of the gases, and the mean percentage composition, by 
weight, of the solid residues for each of the three principal powders 
examined by us. It also shows the highest and low^est qn'oportions 
in which, with each powder, any particular product occurs, and 
gives the results obtained from the examination of the products 
of combustion of four descriptions of powder differing in many 
respects from the powders which formed the main subject of our 
memoir. 

Table 2 contains the complete results of all our analyses; it 
shows the proportion by w^eight of each solid and gaseous product, 
and includes also the amount of water pre-existent in the various 
specimens of powder operated on. 

A careful examination into the nature and proportions of the pro- 
ducts furnished by the explosion of three descriptions of service gun- 
powder, differing but little in composition from each other, and by one 
and the same sample of powder under different conditions as regards 
pressure (or space in which the explosion took place), led ns to the con- 
clusion, which it may be as well to repeat in the precise terms used in 
our former memoir, namely, that any attempt to express, even in a 
comparatively complicated chemical equation, the nature of the meta- 
morphosis which a gunpowder of average composition may be considered 
to undergo when exploded in a confined space, would . . . only be 
calculated to convey an erroneous impression as to the simplicity or 
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the'defiaite iiatiire of the chemical results, and their uniformity 
■under ditoent conditions” (p. 146). 

In giving expression in the foregoing terms to this conclusion, we 
certainly did not intend to convey the impression, nor do we consider 
that our words are at all susceptible of the interpretation, that it was 
inipossiljle to put into some form of equation (as was done, for instance, 
by Bunsen and Schischkoff in the case of the analytical results 
arrived at by them), a representation of a variety of reactions, which 
if msimed to take place simultaneously among different proportions 
of the powder-constituents, might express results approximating to 
one or other of the analytical results obtained by ns, and might thus 
afford some approximate theoretical representation of the meta- 
morphosis of gunpowder when fired in closed vessels. 

But the very great variations in composition (of the solid portion 
more especially) of the products of explosion of samples of gunpowder 
presenting only small differences in constitution, afforded, in our 
opinion, most conclusive proof that the reactions which occur among 
the powder constituents are susceptible of very considerable variations, 
regarding the causes of which it appears only possible to form con- 
jectures, and that consequently no value whatever can he attached 
to any attempt to give a general chemical expression to the meta- 
morphosis of gunpowder of normal composition.” 

In one of the series of interesting communications made by 
M. Berthelot to the Academic des Sciences in 1876,^ as contributions 
to the “History of Explosive Agents,” that chemist gives to our con- 
clusions, as expressed in our former memoir, an interpretation which, 
as above pointed out, they certainly cannot be considered to bear, 
when he says we have stated that the variations in the proportions 
of the principal products of explosion are opposed “ to all general 
chemical representation of the metamorphosis produced by the 
explosion,” an opinion contrary, as he states, to all that is known in 
chemistry. Starting with the above assumption of the nature of our 
views, M, Berthelot proceeds to demonstrate that, in order to account 
for the formation of the chief products in some particular proportion 
ill which potassium sulphate is so small as to allow of its being 
neglected, the powder-constituents must be presumed to react upon 
each other simultaneously, in prescribed proportions, according to 
three, or, if the sulphate amount to 12 or 14 per cent., according to 
four out djiu different theoretical reactions, which, if assumed to 
occur simultaneously, in variable proportion and number, M. Berthelot 
* tora. IxxxiL, p. 400. 



Table 1.* Showing th& niBctn wnalyticoX tesults obfainsd Jroni wn cxwtninatton of ths solid und gasBOUS pvoducts of dBcomposition 
of Pebble, R. L, G,, and P, G, powders ; showing also the same particulars with respect to four other powders. 
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196. Curtis 
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See Table 12. t Not estimated— insoluble residue chiefly iron pyrites. 
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Table 2,* — Composition % weight of the products of eomhusUon of 1 gramme of 


§ Proportions "by weiglit of gaseous products. 
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1 B 

\'u 
. © 

H 

C 

<1,^ 

o 

' ' .Nature of 

. .■'■ 'powder..' 

Mean density 
products of com DC 

Carbonic 

anhydride. 

Carbonic 

oxide. 

Nitrogen. 

.B 

'S 

m 

Marsh-gas. 

Hydrogen. 

Oxygen. 

Potassium 

Carbonate. 

s 

Pebble, W. A. , 

10 

‘2553 

*0514 

•1140 

*0133 


•0007 


•3084 

7 


20 

•2494 

•0570 

•1108 

'0182 


: *0009 


•3186 

9 


SO 
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•0545 
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'0124 
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•3282 
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•0006 
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•0011 
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•0005 


•3645 



Means 

•2627 

*0468 

•1099 

•0109 

•0006 

•0006 


•3196 



Highest 

•2743 

*0570 

•1140 

•0182 

*0013 

•0009 


•3645 



Lowest 

•2494 

•0359 

•1065 

•0069 


•0004 

... 

•2852 

1 

R. L. 0.,W. A 

10 

*2569 

•0300 

•1188 

•0164 

•0006 

•0005 


•2972 

3^ 


20 

•2477 

*0389 

•1189 

•0148 

•0001 

•0006 

•0022 

•3094 

4^ 


30 

•2582 

•0386 

•1096 

•0126 


•0007 

• »* 

•2984 

11 


40 

*2595 

•0356 

•1125 

•0077 

*0605 

•0006 


■2789 

70 


50 

•2494 

•0558 

•1011 

•0065 

•0016 

•0007 


•3482 

39 


60 

•2648 

•0467 

•1065 

•0066 

•0007 

•0005 

... 

•3697 

96 


60 

•2457 

•0490 

•1090 

•0176 

•0007 

•0005 


•3702 

41 


70 

•2576 

•0441 

•1053 

•0114 

•0011 

•0004 


•3435 

44 


80 

•2672 

•0401 

•1060 

•0062 

•0014 

■0004 


•3777 

68 


90 

•2720 

•0352 

•1074 

*0076 

•0015 

•0003 


•3715 



Means 

•2580 

•0414 

•1095 

•0106 

•0008 

•0005 

•0002 

•3355 



Highest 

•2720 

•0558 

*1189 

•0176 

•0016 

•0007 

•0022 

•3777 



Lowest 

•2457 

•0300 

•1011 

•0062 i 


•0003 


•2789 

16 

P. G.,W A. 

10 

‘2423 

•0561 

•1122 

•0095 

•0004 

•0010 

•0006 

•2772 

17 


20 

•2475 

•0410 

•1074 

•0153 


•0010 


•3401 

18 


30 

•2586 

•0370 

•1050 

•0088 


•0008 

•ooio 

*2645 

19 


40 

•2639 

*0334 

•1055 

•0079 


•0008 


•2576 

76 


50 

•2611 

•0338 

•1080 

■ *0087 

•0005 

•0007 


•3207 

40 


60 

•2651 

•0312 

•1080 

•0089 

*0003 

•0006 


'2391 

42 


70 

•2678 

*0253 

; -1100 

•0080 

*0009 

•0005 

•0006 

•2461 

47 


80 

*2598 

*0265 

1 -1105 

•0101 

•0008 

*0005 

•0007 

•2514 

69 


90 

•2698 

•0247 

*1088 

•0116 

•0003 

•0005 


•2880 



Means 

•2596 

'0343 

•1084 

•0099 

•0003 

•0007 

•0003 

•2762 



Highest 

‘2698 

•0561 

I *1122 

•0153 

•0009 

•0010 

•0010 

*3401 



Lowest 

•2423 ; 

•0247 

•1050 

•0079 


1 -0005 


•2391 

78 

R. F. G.,W*A. 

70 

•2652 

•0285 

•1110 

•0063 

•0002 

! *0006 


•3420 

79 

19C 

Spanish spherical 

1 Curtis and Har- 

70 

•2424 

•0133 

T091 

•0096 


•0003 

•0007 

*2161 


vey’s No. 6 . . 

30 

•2576 

•0245 

•1124 

*0082 

•0046 

•0008 


'"*3395 

19^ 

!: Mining powder » 

30 

•2254 

•1508 

•0849 

•0385 

•0070 

•0017 


•1938 


See Table 13 * 
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IweA gunpowder of the undermentioned natures, and of various gravimetric densities. 


Proportions by weight of the solid residue. 

o « 

si 

O . 

■P so 
•*=> 


Potassium 

sulphate. 

Potassium 

hyposulphite. 

Potassium 

monosulphide. 

Potassium 

sulphocyanate. 

Potassium 

nitrate. 

Potassium 

oxide. 

Ammonium 
sesquicarbonate . 

.■p4 

1 

m 

Charcoal. 

Water. 

^ Pi 
>>0! 

5 
s S 

u bo 

(1^43 

!>»a 

ll 

11 

Water. 

•0835 

•1152 

•0412 

•0005 -0027 


•0009 

•0034 

... •0095 

•4347 

*5558 

•0095 

•0760 

•0206 

•1001 

•0003 ... 


*0005 

•0381 

... -0095 

•4363 

•5542 

•0095 

•0696 

•0239 

•0911 

•0012 -0002 


■0007 

•0372 

... *0095 

•4384 

*5521 

•0095 

-0745 

-0794 

•0548 

•0014 *0005 

•0077 

•0004 

•0342 

... *0095 

•4261 

*5644 

•0095 ' 

•0652 

*0335 

•1045 

•0013 *0011 


•0003 

•0337 

... -0095 

•4440 

*5565 

•0095 ; 

-0752 

*0556 

•0641 

•0019 -0017 


•0003 

•0384 

... -0095 

•4320 

*5585 

•0095 i 

•0726 

-1827 

•0127 

•0022 -0014 


•0003 

•0110 

... -0095 

•4224 

*5681 

•0095 

•0584 

-1167 

•0220 

•0026 *0018 


•0005 

•0303 

... -0095 

•4260 

*5645 

•0095 1 

•0518 

•0754 

•0218 

•0032 *0025 


•0007 

•0480 

... *0095 

•4226 

•567 9 

•0095 I 

•0696 

•0781 

•0569 

•0016 *0013 

•0009 

•0005 

•0306 

... *0095 

•4314 

•5601 

•0095 

•0835 

■1827 

•1045 

•0032 *0027 

•0077 

•0009 

•0480 

... *0095 

•4440 

•5681 

•0095 ^ 

•0518 

•0206 

•0127 

•0003 -0002 


•0003 

•0034 

•0095 

•4224 

•5521 

•0095 

•1160 

•1154 

•0228 

•0032 


•0003 

•0041 

•0072 *0106 

•4232 

‘5662 

•0106 

•1364 

*0326 

‘0541 

•0003 -0007 


*0004 

•0323 

•0001 -0106 

•4232 

•5662 

•0106 

•1380 

•0732 

•0334 

•0003 *0002 


•0002 

•0260 

•0106 

•4197 

•5697 

•0106 

•1310 

•1379 

•0116 

•0009 -0007 


•0002 

*0118 

... -0106 

•4164 

•5730 

•0106 

•0266 

•1455 

•0204 

•0017 -0029 


•0006 

•0284 

... -0106 

•4151 

•5743 

•0106 

-0619 

•0365 

•0559 

•0015 ... 


•0006 

•0475 

... -0106 

•4258 

! *5636 

•0106 

•0608 

•0392 

•0434 

•0016 -0026 



•0491 

... *0106 

•4225 

•5669 

•0106 

•0600 

•1059 

•0219 

•0028 -0024 


•0001 

•0329 

... *0106 

! *4199 

*5695 

*0106 

•0501 

•0175 

•0514 

•0014 -0010 


•0006 

•0684 

... *0106 

•4213 

•5681 

-0106 

•0482 

*0486 

•0409 

•0021 -0011 


•0009 

•0521 

... *0106 

•4240 

•5654 

•0106 

•0829 

•0752 

*0356 

•0013 *0015 


-0004 

•0353 

•0007 *0106 

■4211 

•5683 

■0106 

•1380 

•1455 

•0559 

•0028 *0032 


•0009 

*0684 

•0072 *0106 

•4258 

•5743 

•0106 

•0266 

•0175 

•0116 




•0041 

... *0106 

■4151 

•5636 

•0106 

•1005 

■1338 

•0193 

•0011 

•0308 

•0004 


... *0148 

•4221 

•5631 

•0148 

•1388 

•0304 

•0294 

•0001 -0005 


*0009 

•0328 

... *0148 

•4122 

•5730 

•0148 

•1302 

•1583 

•0161 

•0004 *0006 


*0001 

*0038 

... *0148 

•4112 

•5740 

•0148 

•1250 

•1640 

•0193 

*0004 -0005 


*0002 

•0067 

... -0148 

*4115 

•5737 

•0148 

•1186 

•0768 

•0248 

•0004 *0005 


•0005 

•0301 

... *0148 

•4128 

•5724 

•0148 

•1269 

*1822 


•0009 *0010 

•oib 

•0001 

•0026 

... *0148 

*4141 

•5711 

•0148 

*1202 

*1836 


*0013 -0011 

•0170 

•0002 

•0026 


•4131 

•5721 

•0148 

•1218 

•1995 


•0014 -0015 


•0002 

•0005 

!!! *0148 

*4089 

•5763 

•0148 

•1046 

•1474 

•0152 

•0014 *0015 


•0002 

•0112 


•4157 

•5695 

•0148,' 

•1207 

•1418 

•0138 

•0007 -0009 

•0074 

*0003 

•0100 

... -0148 

*4135 

*5717' 

•0148 , 

•1388 

•1995 

•0294 

•0014 *0015 

■0308 

•0009 

•0328 

... *0148 

•4221 

*5763 

•0148 

•1005 

•0304 


... *0005 


•0001 



•4089 

•5631 

•0148 

•1268 

•0472 

•0245 

•0002 *0004 


•0005 

•0386 

... -0080 

*4118 

-5802 

•0080 

•2943 

•0470 

•0196 

•0003 *0058 


*0002 

•0348 

... -0065 

•3754 

•6181,, 

•0065 

-1243 

•0228 

•0582 

... *0017 


•0005 

•0332 

... -0117 

•4081 

•5802 

•0117 

*0028 

•0277 

•1578 

•0138 *0004 


•0084 

•0614 

•0095 -oiei 

•5083 

•4756 

•0161 
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regards as satisfactorily explaimngC' and definitely reducing to five 
simple reactions ”) the formation of carbon dioxide, carbon monoxide, 
potassium sulphate, sulphide and carbonate, from a powder of what 
we caE normal composition* 

After giving further equations which apply to the extreme results 
(in regard to the chief products only) assumed to be obtainable from 
the introduction, on the one hand, of excess of saltpetre, on the other 
of excess of charcoal, into the composition of powder, M. Berthelot 
passes to what he terms the accessory products and, excluding from 
these potassium hyposulphite, which he deals with separately, he 
first gives two equations to account for the production of sulphocyanide; 
then two more to explain the existence of ammonium sesquicarbonate 
(which he believes to be formed by the action of water-vapour on 
potassium cyanide). The existence of sulphuretted or free hydrogen 
are explained by two more equations, and marsh-gas is assumed to 
result from “the pyrogenous decomposition of the charcoal in the 
powder.” Lastly, an equation is given to account for the possible 
formation of traces of hyposulphite, which Berthelot however regards 

* The hve simple reactions in question are thus explained 

1. NOgK+S + C, = K.a+3C02+N 

2. NOqK+S-fCj = KaOs+CO. + COs+N+S 

3. NOfiK + S + Cs = KC03+1|C.0.2+N + S + ^C 

4. NOgK + S-fCq = KSO4+2CO.+N + C 

5. NOgK+S+Cs = KSO4+C0.2+N-tC2 

When sulphate is formed in such smaE quantities that it may be neglected, the 
simultaneous reactions supposed to occur are 1, 2, and 3, by quantities of the 
powder proportionate to the numbers J, and J ; but when the sulphate amounts 
to 12 or 14 per cent, the simultaneous reactions supposed to occur are Nos. 1, 3, 4, 
and 5, with quantities of powder corresponding to the numbers about J, and tV* 
As there is only one single instance out of twenty-nine analyses of powder-residues in 
which the sulphate was found to amount to as little as 4*6 per cent, of the solid 
products (the next lowest proportion being nearly double that amount), it can 
scarcely be assumed that M. Bertheiot’s first arrangement of reactions can represent 
any but a most exceptional result. Again, the acceptance of his arrangement of 
four equations in the proportions he indicates as accounting for the formation of 
the chief products when the sulphate amounts to 12 or 14 per cent of the total con- 
stituents, involves the assumption that a somewhat considerable proportion of 
charcoal should remain unoxidised ; in fact, nearly 2*5 per cent of carbon should be 
found In the residue. The detection and determination of such a constituent of 
powder-residue does not involve any difficulty, yet there were only three instances 
out of eighteen residues (in which the sulphate was considerable in amount) where 
the charcoal was present in estimable quantities ; in two of these it was below 1 per 
cent. In the other it was only 0 ’01 per cent. In a few other residues only traces of 
charcoal were discovered ; the larger number contained none. 

These points are referred to in illustration of how imperfectly M. Bertheiot’s not 
very simple arrangement of theoretical reactions correspond to the results actually 
obtained, even so far only as the chief products are concerned. 
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entirelj as a product formed during the collection and analytical 
treatment of the solid residue, but which we nevertheless believe we 
shall conclusively prove* to be formed in very notable quantities 
before the solid residue can have undergone alteration from external 
causes. '' 

It will be seen from the foregoing outline of M. BertheloVs 
theoretical explanation of the chemical changes involved in the meta- 
morphosis of gunpowder, that the simplest form of expression which 
he can give to the formation of the products of explosion consists in 
the incorporation of nine or ten distinct reactions occurring simultane- 
ously, but in very variable proportions, which have to be supplementecr 
by three or four other chemical equations, by which the formation/ 
during the process of cooling, of certain products believed to be 
secondary, is explained. Now, although such speculations as the 
above are unquestionably interesting, and, it may be added, of a 
nature which must occur to those who desire to give some kind of 
definite explanation, for purposes of elementary instruction, of the 
chemical changes involved in the explosion of powder, we fail to see 
that beyond this they do more than afford the strongest confirmation 
of the correctness of our conclusion, that "‘no value whatever can he 
attached to any attempt to give a general chemical expression to the 
metamorphosis of a gunpowder of normal composition.” 

hyposulphite which is included in 
our statement of the composition of the solid products of explosion,, 
we have to submit the following considerations. 

In the analytical results furnished by the solid residues, as 
detailed in our first memoir, the hyposulphite ranged in amount from 
3 to 35 per cent. ; and on comparing the results of different analyses 
it is observed that in most instances the proportion of monosulphide 
was smaU. when the hyposulphite was ' large in amount, ami in a few 
instances — all of them F. G. powder-residues— in which the proportion 
of the latter was very high, there was no sulphide at all. 

Being fully alive to the possibility of .the existence of potassium 
polysulphide in the solid residue giving rise to the production of 
, eome hyposulphite through the agency of' .atmospheric 'Oxygen, great, 
precautions were taken, especially in the latter experiments, in 
collecting and preserving the residue and in submitting it to treat- 
ment for analysis, to guard against this possible source of error. 

In the first place, it should be mentioned that the residue con- 
sisted in nearly all cases of fused, very hard masses, collected at the 

* See note at end of this niemoi/(p. 309), 
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bottom of tlie ' explosion-vessel, ,■ the sides of .wMcIi were, moreoverj 
generally covered with very thin films. The action of atmospheric 
oxygen upon the fused solid could only be superficial, but would vary 
in extent with the amount of surface of the residue exposed to the 
air during removal from the explosion apparatus or subsequent 
exposure. The latter was avoided as much as possible, as the 
residues were transferred at once, as they were detached from the 
surfaces of the explosion-vessel, into small bottles, in which they 
were carefully sealed up. It was only in one or two instances that, 
before opening the bottles, an odour of sulphuretted hydrogen, 
distinctly perceptible at the sealed surfaces of the mouths, indicated 
a slight imperfection in the sealing of the bottles. 

The difficulties in the way of reducing to a minimum the ex- 
posure to air of the residues during their detachment from the 
explosion- vessel were, however, very much greater. We pointed out 
in our first memoir that in almost all cases the residues were in the 
form of exceedingly hard and compact masses, which had to be cut 
out with steel chisels, and that although portions of the mass were 
detached in the form of lumps, a considerable amount of it flew off 
before the chisel in fine dust. The utmost care was taken to avoid 
exposure of the detached residues to the air, but it was of course 
impossible to avoid their being more or less attacked by atmospheric 
oxygen during the period of their collection. There is no doubt, 
moreover, that the residues, which differed greatly from each other 
in structure and in their tendency to absorb moisture and to become 
heated upon exposure to air, were susceptible in very variable degree 
to atmospheric oxidation. We, therefore, are quite prepared to 
admit that, of the large amount of hyposulphite found in a number 
of the analyses, a proportion, and in some instances possibly a large 
one, may have been produced by the agency of atmospheric oxygen 
during the removal of the residue from the apparatus; and the 
results of some special experiments, which we shall presently quote, 
appear to favour the conclusion that in those instances where no 
sulphide was discovered, its absence may have been ascribable to 
atmospheric oxidation. We regret having neglected to make any 
reference to this probable source of error in describing the results 
of our analyses, our belief being at the time that any important 
alteration of the residue by atmospheric action was sufficiently 
guarded against; at the same time, it is right we should point out 
that, in several instances in which the circumstances attending the 
manipulation of the solid residue and its consequent mechanical 
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coiiclitioii were apparently most favourable to its accidental oxidation, 
the proportion of hyposulphite formed was comparatively moderate 
in amount., , 

On the other hand, we cannot concur in M. Berthelofs view that 
the existence of hyposulphite among our analytical results is also 
ascribable in part to accidental oxidation of potassium sulphide 
during the analytical manipulations. These were carried out with 
great uniformity so far as certain preliminary operations were con- 
cerned, which consisted, firstly, in dissolving the residue in water 
which had been carefully boiled to expel air, and secondly, in 
filtering the solution in closed vessels— both of these being 
rapidly completed operations. The receiving vessel contained pure 
ignited cupric oxide, with which, as soon as the filtering opera- 
tion was completed, the solution was agitated until it became 
colourless. 

The fact that in some of the analyses, all of which, we repeat, 
were uniformly conducted in regard to the above points, from 3 to 
10 per cent, only of hyposulphite were found, while the proportion 
of monosulphide in these analyses ranged from 7 to 19 per cent, 
(being above 9 per cent, in eight instances), appears to afford 
substantial proof that accidental atmospheric oxidation during 
the collection and analysis of the residues is not sufficient to 
account for all but the very small quantities of hyposulphite which 
M. Berthelot considers could only have pre-existed in the residue 
examined by us. That chemist appears, moreover, to have overlooked 
the following facts given by us in our first memoir : — 

1. Separate examinations (conducted precisely alike) of the upper 
and lower portions of some of the residues showed that considerably 
larger proportions of hyposulphite existed in the ii^er portions. 
Ill one case quoted by us in our first memoir, the upper portion con- 
tained 1714 per cent, of hjqiosulphite, while the lower portion only 
contained 4*34 per cent. At the same time' there was only, a 
difference .of 1*27 per cent, in the proportions of monosulphide 
existing in the two portions of the residue (6*03 in the upper part, 
and 7*3 in the lower), while there was a very great difference in the 
amount of free sulphur (4*88 in the upper part, and 10*09 in the 
lower). , 

2. One of the small buttons of the fired solid products, of which 
there was generally one found attached to the firing plug in the 
.cylmder, was examined for sulphide and hyposulphite (it having 

■ Q,. 



242 BESEAECHES ON EXPLOSIVES 

been detached without fracture, and at once sealed up in a small 
tube). It contained the latter, but none of the former, while the 
■mass of the residue of this particular experiment contained a some- 
what considerable proportion of sulphide. 

3. The production of high proportions of hyposulphite was but 
little affected by any -variations in the circumstances attending the 
several explosions {i.e., whether the spaces in which the powder was 
exploded were great or small), excepting that the amount was high 
in all three cases when the powder was exploded in the largest 
space. On the other hand, a great reduction in the size of grain of 
the gunpowder used appeared to have a great influence upon the 
production of hyposulphite, as when passing from a very large-grain 
powder (pebble or E. L. O.) to a fine grain»-powder (F. G.). • 

Thus the production of hyposulphite exceeded 20 per cent, 
in — - 


3 experiments out of 9 -with pebble-powder (Nos. 8, 38, 43). (pp. 211, 
3 „ „ 10 „ R. L. G. „ (Nos. 1, 11, 70). [etc.) 


F. G. 


f(Nos. 16, 18, 19, 40, 42, 
t 47, 69). 


It was below 10 per cent, in — 


4 experiments out of 9 with pebble-powder (Nos. 7, 9, 1 1, 37). 

5 „ „ 10 „ R. L. G. „ (Nos. 3, 39, 44, 68, 96). 

I « „ 9 „ F. G. „ (No. 17). 


There were no circumstances connected with the carrying out of 
the explosions, or with the collection and analysis of the residues, 
to which the above great differences between the results furnished 
by fine-grain powder and by the two large grain powders could be 
ascribed. 

While, however, certain of the great variations in the proportions 
of hyposxflphite and sulphide, which cannot be aecoimted for by 
variations of structure of the residue or of manipulations favourable 
to oxidation by atmospheric agency, appear to us to demonstrate 
that the hyposiflphite is formed in the solid residue before the 
explosion-vessel is opened, and indeed in such amount that it must 
be regarded as an important product (whether it be a primary or a 
secondary one), we have been anxious to obtain, if possible, some 
more decisive evidence as to the probable proportions of hyposulphite 
actually existing in the residues furnished by the explosion of 
gunpowder in closed vessels. We therefore varied the method of 
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collecting and preparing the residues for analysis, in the experiiiieiits 
of which the following is an account — 

1. 5960 grains (386*2 grms,) of the E, L. G. and pebble powders 
used in these researches were fired in the large cylinder under a density 
of 0*40, 

Immediately on opening the cylinder in each case, the solid 
products were as nearly as possible divided into two equal portions, 
consisting of the top and the bottom. Each of these portions was 
again divided roughly into two equal parts, one of which, in large 
lumps, was, as rapidly as possible (being but for a few seconds exposed 
to the air), sealed in dry bottles freed, or nearly so, from oxygen, the 
other moieties being finely groimd and freely exposed to the air for 
48 honrs, > 

The only point of difference calling for remark in the appearance 
of the two residues was the difference in colour, the residue from the 
pebble being decidedly the lighter in colour, both on the surface and 
in fracture ; but there were material differences in the behaviour of 
the ground portions of the two powder-residues. 

With both powders, the bottom ground portion heated very 
decidedly more than the top ; but while, in the E. L. G., this tendency 
was exhibited in a remarkably low degree, with the pebble the 
tendency to heat was, we think, abnormally high. In the latter case, 
the ground deposit from the top began to heat immediately on being 
placed upon paper. The deposit on the apex of the cone and in the 
interior, where the heat was highest, changed rapidly in colour to a 
light yellow, tinged with green. 

The ground bottom part of the residue darkened considerably 
during the development of heat, and an orange-coloured deposit was 
condensed on the surface. 

When the heat was highest, a considerable quaiitity of vapour 
was given off. Its smell was very peculiar; SHg was distinctly per- 
ceptible, but was by no means the dominant odour. 

The maximum temperature appeared to be reached at about twenty 
minutes after exposure. A thermometer placed in the centre indicated 
a temperature of over 600° Fahr. (315° Cent.), and the paper on which 
the residue was placed was burnt through. After half an hour’s 
exposure the deposit cooled very rapidly. 

It should be observed that the physical characteristics of the 
ground deposit were altered very materially by the heating. 
When the residue is taken out of the exploding cylinder, it is 
difficult to pound in the mortar, being somewhat unctuous ; but 
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a>fter t]i6 dcvolopmcnt of ii63/t it bocoBios crisps 3-nd is iGadilj 

powdered. . 

2. In tlie examinatioii that we have instituted of^ the products of 

explosion of a sample of sporting powder (Curtis and Harvey’s No. 
6), and of mining powder, the following course of proceeding was 
adopted for the removal of the solid residue from the explosion-vessel, 
and its preparation for analysis: — Distilled water which had been 
freed from air by long-continued boiling, was siphoned into the 
explosion-vessel when the latter had cooled, so that air was never 
allowed to come into contact with the solid residue. When the 
cylinder was thus qiute filled with water, it was closed, and set aside 
for sufficient time to allow the residue to dissolve completely. The 
solution was then decanted into bottles freed from oxygen, which were 
quite filled with the liquid, and carefully sealed up until required for 
analysis, in carrying out which the course already described was 
pmsued. 

The products obtained by the first of these modifications of the 
ordinary course of proeedirre were submitted to partial examination, 
the chief object being to see to what extent the proportions of hypo- 
sulphite and sulphide varied in the upper and lower portions of the 
residue, and the extent to which they were affected by the great 
difference in the mode of treatment sustained by the different portions 
of one and the same residue. The proportion of hyposulphite was 
determined in every instance, and the products were also examined 
in all eases for sulphide. In the first experiment the exact irropor- 
tion of this latter constituent was ascertained only in one of the three 
portions of the residue in which it existed ; it will be seen that one 
of the ground portions contained none. The suliohate was determined 
in all instances, and, in the second experiment, the proportions of 
carbonate existing in the upper and lower portions of the (unground) 
residue were ascertained. The analytical results obtained are given 
in the following table : — 



Table B.—llhtstmting the effects of exposure upon the proportions of hyposulphite and ntonosulphuU 

in the solid products. 
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40 per cent. . .1 residue [Ground 16*62 32*91 none 
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It will be seen from the foregoing numerical results that in both 
experimeiits those portions of the residue which were exposed to the 
air onlj for a few seconds, and of which only small surfaces wqtq 
thus exposed (as they were collected in large lumps), contained hypo- 
sulphite ranging in amount from 5 to 8-5 per cent. Those portions 
■^fhich were specially treated for the purpose of favoxiring to the 
utmost the formation of hyposulphite from sulphide through atmo- 
spheric agency, contained, as was to be expected, very large proportions 
of the former, while the latter had entirely disappeared in three out 
of the four portions of very finely pulverised residue. In the fourth, 
howevei*, even after its free exposure to air for forty-eight hours, 
there still remained nearly 3 per cent, of sulphide. Now, as in no 
single instance in the entire series of our experiments did any acci- 
dental circumstances occur which even distantly approached the 
sx>ecial conditions favourable to the oxidation of the sulphide which 
were introduced into these particular experiments, we consider our- 
selves justified in arriving at the conclusion that the total absence 
of sulphide in the residues furnished by the fine-grain powder in 
Experiments 40, 42, and 47 was not due to accident in the manixmla- 
tions, and that in those residues in our series of analyses which were 
found to contain large quantities of hyposulphite (as in six out of the 
nineteen experiments with pebble and E. L. G. j)owxler, and eight out 
of the nine with F. G. powder), a great proportion, at anyrate, of 
that hyposulphite existed in those particular residues before their 
removal from the explosion-vessel. The circumstance that the resi- 
dues furnished by our two most recent experiments (with sporting 
powder and mining powder), in the treatment of which the possibility 
of accidental formation of hyposulphite was altogether guarded 
against, contained 4, and about 6, per cent, of hyposulphite, demon- 
strates that even under these conditions a very notable quantity of 
that substance is found in powder-residue ; but it cannot, we consider, 
be taken to siqjport the view that, in a residue containing a much 
higher proportion of hyposulphite, the existence of the whole or a 
large jxart of that excess is ascribahle to accident of iiianipulation. 
In the series of experiments with pebble-powder there were three, 
in that with E. L. G. powder four, while in that with F. G. powder 
there was one, of which the residues contained proj)ortions closely 
similar to those furnished by the two experiments above quoted, 
there being no peculiarity in those seven experiments nor any atten- 
dant eireumstances which could be assigned as a possible reason why 
the proportions of hyposulphite in those cases should be so much 
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lower than in the other experiments^ with the same powders, carried 
out under the same conditions. We therefore cannot but conclude 
that the production of a small or of a large proportion of hyposulphite 
(whether as a primary or secondary product, tut lefom the explmim- 
mssel is^ opened) is determined by some slight modification of the 
conditions attending the explosion itself. 

From an examination of the proportions of potassium sulphate 
found in the different parts of the two residues, it will be seen that 
in the case of the R. L. G. there was a variation of only 1*27 per cent, 
in the sulphate in different parts of the residue, and that in the top 
and bottom portions the amounts found in the ungroimd and ground 
parts were almost identical, so that the proportion of sulphate was 
in no way affected by the prolonged exposure of the finely-ground 
residue to air. In the pebble-powder experiment the sulphate 
varied in the different parts to the extent of 2*82 per cent., and the 
higher proportions happened to exist in the ground parts of this 
residue; but the differences can scarcely be considered sufficiently 
important to ascribe them to any other cause than a little variation 
in the composition of different parts of this residue. 

Some of the later of our experiments with R. L. G. powder given in 
the first memoir furnished products which, when calculated upon the 
results of analysis made at the commencement of these researches, 
of a sample of the powder taken from the upper part of the contents 
of the barrel, presented greater discrepancies in some points than 
was the ease with some of the earlier products. It was, therefore, 
considered desirable to repeat the analysis of this powder, operating 
upon a sample taken from the Icnve?^ part of the barrel. The results 
of the two analyses are as follows : — 


Comiionents, per cent. 

K. L. G. powder. 

From Tipper part of 
barrel. 

From lower part of 
barrel. 

Saltpetre . . . . . 

: Potassiam sulphate . . / • . ^ 

Sulphur . . ■ 

rCarbon 

Charcoal ! ! 

(Ash, etc. . • ■ • 

Water. . . . . 

74*95 

0*15 

10*27 

10*86*1 

0*25; 

1*11 

74*430 

0*133 

10*093 

12*398y 

0*215; 

1*058 
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The foregoing iiniiibers, which are in each case the means of two 
very concordant analyses/ present siifi&eient differences to,, establish a 
small but decided variation in the composition of this powder, of 
which, be it remembered, very considerable quantities were employed - 
ill the course of the series of experiments. It appeared to us, 
therefore, that we were warranted in calculating the earlier results 
obtained with this powder (produced in 10 to 40 per cent, space) 
upon the composition as represented hy the first analysis, and in 
recalculating the later ones furnished by the lower part of the 
contents of the barrel upon the analysis of the sample taken from 
that part of the powder. 

In completing these researches, it appeared to us of interest to 
include two other descriptions of gunpowder in our series of experi- 
ments, one of them a representative of the sporting powder class, the 
other representing the higher qualities of blasting or mining powder, 
which are well known to differ very materially in composition from 
the powders used for military purposes. The composition of these 
two samples of powder, which were obtained from Messrs Curtis and 
Harvey, is given in the following tabular statement :~ 


Components, per cent. 

Sporting powder. 
Curtis and Harvey’s 

No. d. 

Mining powder. 

Saltpetre . . . . 

: : 

Sulphur . . . . . 

rCarboii . . . 

: : 

l.\sh . . . . 

Water , . , , . . , . . 

74*40 

0*29 

Trace. 

10*37 

10 *66^ 
g|^il3*78 

0*31 J 

1*17 

61 *66 

0*12 

0*14 

15*06 

17*931 

0*59j 

1*61 


It will be seen that the sporting powder did not differ very 
widely in composition from the several military powders of Waltham-, 
Abbey manufacture, while the mining powder presents very impor- 
tant differences from any of the other powders experimented with by; 
us, as well as from those used by recent foreign experimenters, to 
which we have referred in our first memoir.* The proportion of 
saltpetre is about 11*3 per cent. lower than in the military powders, 
while the proportions of charcoal and sulphur are each ' higher by 
about one-half. The percentage composition of the charcoal con- 
tained in these two powders is given below, and a comparison of the 
* PMI. 1875, parti., p. 72. 
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iiimibers with those furnished by analysis of the charcoal from the 
several iiiilitary powders shows that the sporting powder charcoal is 
intermediate between the E. F. Gr. and F. G. charcoal, and that the 
mining powder charcoal resembles that contained in the pebble- 
powder. Both these charcoals contained, however, a decidedly higher 
proportion of mineral constituents than the charcoal maniifactmed 
at, Waltham Abbey. . . 


Percmtag^ eompodtion of the charcoals contained in the several demipimm 
of gimpotcder employed. 



Pebble. 

K. L. G. 

K. F. G. 

F. G. 

Curtis anrl Harvey. 

Spaiiisli. 

Si)ortmg. 

Milling. 

Carbon , . . i 

85-26 

80-32 

75-72 

77-88 

77-36 

83-74 

76*29 

Hydrogen, . . i 

2-98 

3-08 

3-70 

3-37 : 

3-77 

3*07 

3-31 

Oxygen . 

10-16 : 

14-75 

18-84 

17-60 

16-62 

10-45 

14-87 

Ash . . . ! 

1-60 

1*85 1 

1-74 1 

1*15 : 

2*25 

2-74 

' 5*53 


The results obtained by filing these two gunpowders in 30 per 
cent, space are included in the statements given in Tables 1 and 2.^ 
It will be remembered that a special method of collecting for 
analysis the solid products furnished by these powders was adopted, 
with the object of altogether guarding against the possibility of 
accidental conversion of sulphide into hyposulphite. The analytical 
results show that the chief differences bet\veen the results of explosion 
of the sporting powder (in 30 per cent, space) and of the E. F. G. 
powder (in 70 per cent, space) consisted, as regards the gaseous 
products, ill the slightly higher proportion of carbonic anhydride, and 
in the very decidedly larger amoiuit of marsh-gas furnished by the 
former, and, as regards the solid products, in the higher proportion 
of sulphide and lower proportion of hyposulphite; the quantities of 
these constituents of the residue are very similar to those found in 
the E. L. G. residue exploded in 80 per cent, space. 

The gaseous and solid products of explosion of the mining powder 
differed very greatly, as was anticipated, from those fiiniished by all 
the other powders, as regards their proportions. The carbonic oxide 
was double the highest aiiioimt furnished by any of the other powders, 
while the carbonic anhydride, which in .the three series of experi- 
ments ranged from 45 to 53 per cent, of the total volume of the 
gases, amounted only to 32 per cent., the two gases existing in 

* See also Tables 12 and 13. 
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about equal proportions. ■ Marsh-gas and .hydrogen .were present . 
in unusually high proportions, .■ and- the sulphuretted hydrogen 
amounted to 7 per cent., being nearly double the highest pro- 
portion foimd in all the other experiments. The solid residue 
presented very interesting points of difference. The potassiniii car- 
bonate was, as might have been anticipated, comparatively small in 
amount (though some of the experiments with E. Gr. powder gave 
similar results in this respect), hut there was only 0*5 per cent, of 
sulphate formed, while the inonosulphide amounted to 33 per cent, 
of the solid residue, and the free sulphur to nearly 13 per cent. 
Fedcrow's experiments are the only ones in which so high a (and 
indeed a somewhat higher) percentage of sulphide is recorded, and 
among the several experiments with R. L. G*. powder, in which only 
small proportions of sulphate w^ere formed, there was only one 
residue in which the free sulphur was as high in amount as that 
formed in the mining powder residue. It will be seen that the 
hyposulphite amounted to nearly 6 per cent. : 2 per cent, more than 
was furnished by the sporting powder under precisely similar con- 
ditions of experiment, and douUe the smallest amount formed in any 
of the series of experiments, conducted without the very special pre- 
cautions which were applied in dealing with the residue of the powder 
under discussion. The ammonium sesquicarbonate was considerably 
higher in amount than in any other experiments (though still much, 
below the amounts found by Karolyi and Linck), and the potassium 
sulphooyanide amounted to 3 per cent., or about five times the amount 
found in any other experiments excepting that of Linck. 

Lastly, there was a much more considerable amount of charcoal 
in this experiment than in any other. 

It need scarcely be stated that the very distinctive difference 
between the comi)osition of the solid and gaseous products of this 
powder are, generally, such as would have been predicted from the 
comparatively small proportion borne by the oxidising agent to the 
oxidisahle constituents in the mining powder. 

It •will be seen presently that the experiments with mining- 
powder presented other features of great interest in addition to those 
elicited by the chemical examination of the products of explosion. 
In concluding our observations on these, we should point out that 
fresh confirmation is afforded by this experiment of the fact insisted 
upon by us, namely, that hyposulphite must he classed among the 
invariable ^ products of explosion of gunpowder in closed spaces. 

^ See note at end of this paper (p. 809), 
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. 'An examination of tlie three complete 'series of results obtained 
by the; explosion of, pebble, E. L G.,.and F. O. powders in closed 
spaces in which their graYiraetric densities varied from 01 to 0*9 
per cent, of the space, and which are giYeii in detail in Tables 1 
and 2,* suggests the following observations additional to those 
included in :our first ,nienioir,,on the '.nature and re.lations'to' each 
other of the soKeZ .products furnished by the ■several, powders. , ■ 

Goriipariiig the highest, lowest, and mean proportions of the 
chief, solid products furnished by the three powders, which differed 
but little ill composition from each other, the following points are 
observed 

,'1. The proportions ol potassium carlonate furnished by .E. L. G. and 
by P. powder are .very similar, while the .highest, lowest, and mean.' 
results furnished ,by F.. G. are all .decidedly lower than those fro.iii 
.the other two powders. 

2. The ineaii proportions of s^dpliaU furnished by P. and E. L. G. 
are not far different, though the highest amount furnished by the 
former is considerably below, and the lowest number considerably 
above, the corresponding numhers fiunished by E. L. G. powder. 
But the mean and the lowest proportions of furnished by 

,.F.. G.' is .very considerably,', higher , than the,,- corresponding numbers 
obtained, with' the- two other powders' „(the- .amounts' obtained 

with F., G. and E. E. G, being- identical). ■ 

,The generally, greater extent to-which the sulphur has undergone 
emiplete oxidation in the case- of the.F. G. powder is certainly not a 
result which can be in the least ascribable to accidental circumstances 
attending .the experiirieiits, and the fact that it corresponds with the. 
generally higher proportions of ■ hj^iosulphite furnished- by this 
,.powder affords .-additional support. -to bhe view which we maintain, 
that the production of the latter substance, invariable, and sometimes 
very considerable amounts from the., powders experimented wi.th, is 
not ' to be explained away by ascribing.it to accident of manipulation. 

■ 3. It, will be .seen that, where'as the ■means of the amounts of- 
hyposulf)hite obtained in the '.analyses of the 'residues, from pebble 
and E. L. G. powders are almost identical, they amount to little more 
than half that of the mean numbers furnished by the analyses of the 
F. G. residues. But the highest result furnished by pebble-powder 
is nearly equal to, and that furnished by E. L. G. powder is not far 
below, the highest number obtained with F. G. powder. 

^ See also Tables 12 and 13. 
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4. As regards potassium monosulphicle, the mean result in the 
case of pebble is very considerably higher than that furnished by 
R. L. G-. powder, and more than four times the mean result given by 
F. G. powder. It is noteworthy, too, as indicative of the great and 
apparently uncontrollable irregularity in the amount of this product 
formed by the explosion of powders of normal composition in closed 
spaces, that the proportions of sulphide produced from pebble- 
powder at the higher pressures were very small, and similar to those 
formed from F. G. powder at low as well as high pressures (except 
where none was found in the residues), and that in several instances 
very considerable quantities were formed from pebble at densities 
ranging from 20 to 60 per cent, some of them being indeed very 
much higher than that produced in the special experiment with 
sporting powder, in which extra precautions were adopted to guard 
against oxidation of sulphide. Then in the case of E. L. G powder, 
the proportions of sulphide found may be said to be intermediate 
tetween those produced from pebble and F. G, the amounts ranging 
from 2 to 10 per cent ; and the higher and lower proportions are 
indiscriminately distributed through the different residues obtained 
at low, high, and intermediate pressures. In no instance, either 
with pebble or E. L. G., was there a complete absence of sulphide, as 
in three instances, at the higher pressures, with F. G. powders. We 
feel bound again to lay stress upon the fact that there were no 
accidents of manipulation to account for these remarkable differences 
in residues furnished by powders of practically the same composition. 

5. One or two other points of interest present themselves in 
connection with the potassium sulphate found in the residues from 
the three powders. Both in the pebble and F. G. residues, those 
obtained at the lowest and the highest densities differed very 
decidedly from the remainder in regard to the sulphate present, 
while the proportions in the residues obtained at the densities 
intermediate between those two extremes present comparatively 
slight differences in the case of both these powders. But the 
residues furnished by E. L. G powder exhibit a very decided 
<Ufference to the above; the proportions of sulphate in those 
produced at the four lowest pressures (up to a density of 40) are 
high, and ^ ei j similar in amount to those found in the majority of 
the F. G. powder residues, while those in the residues produced at 
the six higher pressures are only from one-fourth to one-half in 
amomit of the others, some being similar to, and others still lower 
than those formed in the pebble-powder residues. On comparing 
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tiie proportions of hjrposiilpMte^ ^ sulpliicle in these E. L G. 
residiies with the sulphate, it will be seen that they vary as iiiiicli 
among themselves in the residues where the proportion of suli3liat0 
is high as in those where it is small in amount. That the ainoiiiit of 
sulphate produced by the explosion of this particular powder, even 
under the same conditions as regards pressure, w^as liable to con- 
siderable variation, is demonstrated by comparing the results of 
special examination of the residue obtained by its explosion in 40 
per cent, space (as given in Table 3, page 245) with those in tlie 
general series (Tables 1 and 2) furnished by the same powder, fired 
ill the same space. In the one instance 22’87 per cent, of sulphate 
were found, in the other it was barely half that amount. With such 
variations occurring in the proportion of sulphate formed under like 
conditions of explosions, it can hardly be matter for surprise that 
variations of the same kind should occur in the proportions of 
sulphide and hyposulphite. In fact, in the two parallel experiiiients 
now referred to, the amount of sulphide contained in the residue 
rich in sulphate was only about one-fifth that contained in the other 
residue, the proportion in this being higher than any in the three 
series of analyses. Be it observed, at the same time, that this high 
amount cannot be ascribed to the adoption of any special precautions 
to prevent accidental oxidation of the sulphide in the special experi*- 
ment in which it was found, as there were several residues in the 
series furnished by j?^j55/5-];)owder (of the same composition as the 
E. L. G.) which contained proportions of sulphide not much lower- 
than in this particular case. 

Two other parallel experiments (39 and 96) -with E. L. G. conducted 
ill 60 per cent space, exhibit, on the other hand, a remarkably close 
concordance in regard to the proportions of sulphate and hyposulphite 
(the numbers being almost identical), though there was a decidedly 
higher proportion of sulphide in the one than in the other, and a not 
unimportant difference in the proportions of the gaseous constituents. 

With regard to the results of the special experiment with pebble- 
powder (p. 245) conducted in 40 per cent, space, and the parallel 
experiment in the series of pebble-powder results, it will be seen 
that the amounts of sulphate formed in the two experiments were 
closely similar. The proportions of sulphide and hyposulphite found 
ill the residue of the special experiment correspond very well with 
the results obtained with this powder at the two lower and the next 
higher densities, which is not the case with the parallel experiment 
in the series (Ho. 12, 40 per cent.), and this may possibly iiidicate 
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that, ill the latter, there may. .have been, an exceptionally consider- 
able conversion of sulphide into hyposulphite during the removal of 
the residue from the explosion-vessel, it being borne in mind that 
marked differences in the behaviour and appearance of the residues 
{even those resulting from the service-powder) were frequently noted 
, at the time of collectiom 

Before leaving this part of our subject, we may remark that we 
have placed in the appendix to this memoir a statement, in which we 
have given for every analysis we have made, the results of the 
following rather laborious calculations, which have been made in the 
manner described in our first memoir : — ^ 

(1) The amount of gaseous products calculated from the data 
furnished by the analysis of the solid products. 

(2) The amount of solid products calculated from the data 
furnished by the analysis of the gaseous products. 

(3) A comparison between the weights of the elementary sub- 
stances found in the products of combustion and the weights of 
the same elements found in the powder prior to ignition. 

(4) The weight of oxygen contained in the total quantity of 
hyposulphite foimd. 

An examination of this statement will show how closely 
accordant the various analyses are as a whole; hut in estimating 
the degree of accuracy attained, the following points must carefully 
be borne in mind, 

1. That in the very large quantity of powder used, slight variations 
in its composition (as indeed have been found) were sure to exist. 

2. That we have adopted as one of the data of our calculations 
the average quantity of gas found to be produced by the explosion. 
But, as we have elsewhere pointed out, our investigations seem to 
prove that exceedingly slight and inappreciable variations in the 
eireiimstaiices of explosion give rise to very notable changes in the 
products, and among others in the amount of gaseous products. 
Any change in this direction would of course affect the accordance 
of the analysis in which the abnormal decomposition occurred. 

A review of the comparison between the weight of oxygen 
originally in the powder, and the weight found in the products of 
explosion, appears to show that there is in the former, on the average, 
a very appreciable excess of oxygen. Hence it may pretty fairly be 
concluded that a portion of the hyposulphite found is due to the oxi- 
dation of the monosulpMde after removal from the explosion- vessel 
* Phil Tram., 1875, part i, p. 90. 
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On the other hand, a reference to those analyses in which' 
liyposnlphite exists in large proportion, shows that were we to 
assume the whole of the hyposulphite as formed after the remo%"al 
of the products from the cylinders, there would exist a deficiency in 
oxygen much larger than the existing excess. Hence we may 
equally fairly, from this line of argument, conclude that it is 
impossible to attribute to accidental causes the formation of the 
whole of the hyposulphite, and that a considerable proportion of it 
must he looked on either as a primary or secondary product. 

We now pass to the question of the amount of heat generated 
by the combustion of gunpowder, and in so doing we may remark 
that we were fully cognisant of the inconveniences inseparable 
from the form of apparatus used by us for this purpose and 
described in our first memoir.^ In fact, the errors likely to 
arise from its use were very exactly pointed out by ourselves, f 
and we were quite aware of the great advantages in regard to 
saving of time and labour, and to accuracy, that would result 
from the use of apparatus similar to that which we shall presently 
describe. 

But the apparatus, such as it was, was deliberately adopted, 
because at the time when these experiments were made we could 
not be sure that the decomposition experienced by gunpowder in its 
explosion, when fired in considerable quantities and under tensions 
similar to those existing in the bores of guns, was by any means the 
same as that occurring when it is fired in small quantities and under 
feeble tensions. In fact, one of the principal objects of our experi- 
ments was to determine the heat generated when gunpowder is fired 
in considerable quantities and under high tensions. 

To do this, vessels of great strength, consequently of great weight, 
and therefore not well suited for calorimetric observations, were 
necessary. 

It will presently be seen, however, that the difference between 
the determinations made by us and those of the other experimenters 
alluded to by General Morin and M. Berthelot are due, not to error 
in our determinations, but to essential and striking differences in 
the decomposition of different descriptions of powder. 

The conclusion of the whole of our analyses (of which a complete 
table is given at p. 236 of this memoir) has shown that, with certain 
slight exceptions, to which we have elsewhere adverted, the products 
of combustion are not seriously affected either by differences in the 
* FUL Tram,, 1S75, part i, p. 63.; t Loc, ciL, same page. ■ 
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qmntity or the giwimetrie density ■ of ■ tto charge exploded.' It 
would af^pear indeed as if there were occasionally quite as great 
differences in the transformation which takes place between charges 
exploded as nearly as possible under the same eireiiinstances and 
others exploded under widely different conditions. 

We were therefore enabled in the experiments wHeli we are 
about to describe, to make use of the following apparatus : — 

Two explosion-vessels, both of 



the general form shown in the 
annexed figure, but weighing, 
one, 21,311*6 grs. (1381 grms.), 
with a capacity of 501*64 grs. 
(32*50 grins.), the other weighing 
52,931*6 grs. (3430 grms.), with a 
capacity of 1833*75 grs. (118*83 
grms.), were prepared. The 
specific heats of both these 
vessels were carefully deter- 
mined, and the amount of heat 
absorbed by the calorimeter for 
various changes of temperature 
was also carefully determined, 
and corresponding tables for con- 
venient use formed. Thermo- 
meters specially made for the 
purpose, and capable of being 
read to O'^’O! Fahr. (0''*0055 
Cent.), were used in these ex- 
periments. 

Full details of the cletermiiia- 
tioii of the specific heat of the 
vessels and of the absorption of 
the heat by the calorimeter are 
given in the appendix, pp. 297 
to 300. 


To determine the heat generated, a charge of from 150 to 200 
grs. (9*72 to 12*96 grins.) in the smaller cylinder, of 400 grs. (25*92 
gma) in the larger cylinder, was carefully weighed and placed in the 
explosion-vessel. The explosion-vessel was then immersed ; in / the 
water of the calorimeter and the charge fired in the usual way, the 
attached thermometer being read before the explosion, and afterwards 
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coiitiiiiioiisly imtiLtlie. iBaximum, ■temperature (whieli:, was::.ustiallj 
reaclied in about two minutes) was attained,* 

Innrder, to make.eur new, calorimetric determinations as complete 

as possible, and with the view, of . exhibiting the differences in the 
heat evolved due to changes in the composition of the powder, w'O 
have not only found separately the heat given off by the thre^ 

principal powders described dn' our first memoir, but" ha^-e added "to 

these three other powders differing widely in their composition, viz, : 
ordinary English mining, Curtis and Harvey's well-known powder 
IsTo. 6, and Spanish spherical. The composition of all these powders 
has. been already given either in the present or in our former memoir. 
But for our present purpose it is convenient to place in juxtapo>sition 
the composition of these six powders. 


Table i,— Exhibiting the differences hi the composition of the- powders mperlmented 
witlh which are described in this memoir. 


Xatiire of powder. 

Saltpetre. 

Sulphate. 

Potassium 

cliloride. 

•S 

1 

o 

Hydrogen. 

E 

tc 

'A 

O . 


, 

W'ater. 

Pebble-powder . 

•7467 

*0009 


*1007 

*1212 

*0042 

•0145 

•0023 

•0095 

R. L. G„ W. A. 

*7443 

•0013 


•1009 

*1240 

*0040 

•0127 

■0022 

•0106 

F. G., W. A. . 

•7365 

*0036 


•1002 

*1136 

*0049 

*0257 

•0017 

•0148 

Cnrtis and Har- 
vey’s No. 6 . 

•7440 

•0029 

Trace 

*1037 

*1066 

•0052 

•0229 

*0031 

•0117 

Mining powder . 

*6166 

*0012 

•0014 

•1506 

*1793 

•0066 

*0223 

•0059 

•0161 

Spanish spherical 

*7530 

•0027 

•0002 

*1242 

•0865 

•0038 

i *0168 

1 -0063 

•0065 


The decomposition they experienced is exhibited in Tables 1 f 
and 2 of the present memoir. 

With the small explosion-vessel the results obtained (Experiments 
146 to 160, pp. 299, etc.) were as follows, the numbers given below 
indicating the grm.-units of heat evolved by the combustion of 1 
gramme of each description of powder employed : — 


Nature of po wder. 

Gramme-units of heat eToived. 

I. 

II. 

III. 

IV. 

Means. 

Pebble 

711-9 

734-1 

694*4 

710*0 

712-6 

E. L. G. . . ... 

720-1 

718*4 

707*5 


717-0 

F. G. . . . 

706-5 

738-9 

731-7 


725-7 

Cnrtis and Harvey’s No 6 . 

784-0 

755-7 

744-9 

732*9 ' 

754-3 

Mining . / , . 

512-7 

505-5 

507-9 


508-7 

Spanish , . . .. 

762-5 

771-4 

758-4 

.... 

762-4 


, It is scarcely necessary to state that the correction for the absorption of heat 
by the calorimeter and the effect of cooling was in ail cases made, 
t See also Tables 12 and 13 (pp. 310 and 312). 

■ ■ 'U . 
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With the lai^er exploaon-vesael the results of Experiments 171 
to 179, and 181 to 192 (pp. 304, etc.), gave:— 


, If sfere of powder, ■ 

Gramme-miifcs of lieat evolved. 

I, 

II. 

III, 

Means, 

Pebble , ' . 

R, L. G. . ' , ■ » ■ * . 

F. a . ^ ' . . , , . . 

Curtis and Harvey’s No. 6 , 
Mining ■ . ; . • , * ■ . 

Spanish * , , , , * 

728-5 

713-4 

731-1 

751-3 

520-0 

771-3 

714-7 

724-7 

722-1 

765-3 

507-0 

761-8 

703-4 

717-7 

730-7 

760-6 

499-6 

754-0 

715-5 

718-6 

728-0 

756-1 

508-9 

762-3 


From the whole of these experiments, and giving to the second 
series, as probably the more accurate, twice the weight of the first 
series, we arrive at the conclusion that the heat generated by the 
combustion of the powders as actvMly used is as follows 

1 grm. of pebble-powder generates 714‘5 grm.-units. 


1 

' 57 

E, L. G. ,, 

55 

718-1 

55 

1 ' 

n 

F, G. „ 

55 

727-2 

55 

1 


C. and H. No. 6 

55 

755-5 

55 

i 

57 

mining ,, 

55 

508-8 

55 

1 

55 

Spanish ,, 

55 

762-3 

55 


From an examination of the whole of the above results it is 
obvious : Firstly, that the heat generated by the combustion of gun- 
powder is subject to very wide variations, dependent upon the 
particular nature * of the powder employed (the Spanish powder, for 
example, generates just 50 per cent, more heat than the mining 
powder) ; and, secondly, that the heat evolved by the same description 
of powder varies in different experiments to a greater extent than is 
to be accounted for by errors of observation. And this was, indeed, 
to be expected, since the very considerable variations in the products 
of combustion, under the same circumstances, as disclosed by our 
analyses, could hardly be supposed to exist without some correspond- 
ing variation in the heat evolved. 

Our views on this head are confirmed by the calorimetric 
determinations we have made in our reseaches on gun-cotton. In 
these determinations, which have been carried on with precisely the 
same apparatus, we have found no appreciable difference in the heat 
evolved in the various experiments. The deduction is that the 
* Both physical and chemical. 
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diserepaiieies between the several observations in the case of giin- 
; powder are due to differences in the metamorphoses/not to defects 

in the, observations. 

The units of heat liberated given above are those furnished hj 
! the powders as actually used; but as these powders had different 

j amounts of moisture in their composition, and as, in use, these 

amounts of moisture are found to vary considerably, giving rise, 
^ especially when the powders are used in guns, to very different 

pressures, and generating very different energies, we have considered 
it desirable to correct the above figures, and we place below those 
^ ^ would have had place had the powders, when fired, been 

perfectly free from moisture. 

Table 5. — Shoiting the heat^ in graimne-umts^ generated % the cQjnhustmn 
of 1 gramme of the imderinentioned pe7fecily drij jpo wdei^s, 

j 1 grm. pebble-powder , generates 721 ‘4 grm.-units, 

i 1 „ W, A. R. L. G. powder ,, 725*7 „ 

1 „ W. A. F. G. powder „ 738*3 

1 „ C. and H. No. 6 powder „ 764*4 „ 

1 „ mining powder , „ 516*8 „ 

! 1 „ Spanish pellet powder ,, 767*3 „ 

I The data for computing the mean specific heats of the products 

of explosion of the six powders, as well as the results of the 
; necessary calculations, are given in the annexed Table, No. 6, p. 260. 

We have pointed out in our first memoir our reasons for con- 
sidering fallacious a temperature of explosion deduced (as has been 
done by some authors) by dividing the nimiber of gramme-units of 
heat by the mean specific heat of the exploded powder at 0^ Cent. ; 
but for purposes of comparison, to exhibit the striking differences 
j between the powders, as well as because we have not data at our 

I disposal to enable us to deduce the actual temperature of explosion 

in the case of each of the six powders, we give below the tempera- 
1^ tiire of each powder calculated upon the above hypothesis. 

' They are as follow: — 


Temperature of explosion on above hypothesis of — 


W. A. pebble-powder 

. 3899'^ 

Cent. 

W. A. R. L. G. 

S9 

, . . 3880" 

99 

W. A. F. G. 

» 

, . . . 3897" 

99\ 

C. and H. No. 6 

' 3i 

. 4083" 

::99 

Mining 

93 

. 2896" 

■■ 99 

Spanish pellet 

93 

.■ ■■ . . 4087" 

' 7 ^ ; 


I 


Table data and results of calculation of the mean specific heals {at natural iemperaiures) ^ the products of 

explosion of the sm powders expterimsnted with. 
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There Is no mateml difference in the specific heats if the hyposulphite be supposed to be an accidental product formed by the 

oxidation of the sulphide. 
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The /v.oliimes, of, the permanent gases'geiierated I^y the axplm 
of each' of the six .powders are as foUow: — 


1 grm. of W. A. pebble-powder generated 275*7 c.c. 


1 


W. A. R. L. G. 

39 

99 ^ 

271-3 

'' 39 

1 


W... A. F.'G.. ■' 

39 

99' 

259-2 

"93 

1 . 


C. and H. No. 6 

39 

93 

238-2 

99 

1 


mining 

39 

99 

354-6 

99 

1 

39 

Spanish pellet 

33 

99 

232-7 

33 


The above volumes are. all calculated for a temiwatiire of' 0® 
Ceiitv and a barometric pressure of 760 mra of mercury. 

If we correct, as before,, the quantities of permanent gases forniecl 
for the amounts of moisture contained in the powders when experi- 
mented with, we shall have the values given in Table 7, 

Table 7. — Giving the volumes of pennanejit gases generated bp the explosion 
of 1 gra7mne of ike undennentmied perfectly drp poivders. 


1 grin. W, A. pebble-powder generates 278*3 c.c.*^ 


1 

99 

W. A. R. L. G. 

39 

39 

274-2 

33 

1 

33 

W. A. F. G. 

33 

39 

263-1 

99 

1 

33 

C. and H. No. 6 

33 

39 

241-0 

99 

1 

33 

mining 

33 

99 

360-3 

99 

1 

33 

Spanish pellet 

33 

39 

234-2 

99 


It is of high importance to observe that the volume of the 
permanent gases generated is, in every case, in inverse ratio to the 
iinits of -heat evolved. Thus, if Tables 5 and 7 be compared, and if 
from Table 5 we arrange the powders in descending order of units of 
heat, we have the order exhibited in Table 8; and if from Table 7 
we place the powders in ascending order of volumes of gas produced, 
we fmd that we have precisely the same arrangement. 


Table S.—Skotvinff the arrmigemmt of the six poicdsrs tcJien pkmd eithir according 
to the amount of heat generated in a descending, or mcordmg to the qmntitg of 
gas evolved in an ascending, scale. 


Nature of powder. 

Units of lieat 
per gramme 
. exploded. 

Cubic centimetres 
of gas per gramme 
exploded. 

Spanish pellet powder . " . ... 

■ 

' 767*3 

234*2 

Cnrtis and Harvey’s No 6 . ... . . : 

764*4 ’ 

241*0 

W, A. F. G. powder . . . . , ' . 

738*3. 

263*1 

W. A. R. L. G. powder . . ■ . ' . 

725*7 

274*2 

W. A. pebble-powder .. ■... . 

721*4 

278*3 , 

Mining powder . . , . ... .. . ' . 

516*8 ■ 

360*3 


* It is perbaps. necessary to remind readers not fam.iliar witb the Freneli 
metrical system that the assertion that a. grm. of powder generates 278 *3 e.c. of 
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The results given in this table are very striking. If we take the 
two natures which eonimence and; close the list, it will be observed 
that on the one hand the heat generated by the Spanish powder is 
about 50 per cent, higher than that generated by the mining powder, 
and that on the other hand the quantity of permanent gases evolved 
by the mining powder is about 50 per cent, greater than that given 
off by the Spanish. 

Thus it appears that the great inferiority of heat developed by 
the mining as compared with the Spanish powder is compensated, or 
at least approximately so, by the great superiority in volume of 
permanent gases produced. A similar relation is observed in respect 
to the other powders, and it may indeed be noted that the products 
of the figures given in columns 2 and 3 in Table 8 do not differ 
greatly from a constant value * thus pointing towards the conclusion 
that the pressures at any given density and the capacity for perform- 
ing work of the various powders are not very materially different. 

This fact has been entirely verified for the whole of the Waltham- 
Abbey powders, and in a less degree for the three other powders also. 

Thus at the points where the Spanish, mining, and Curtis and 
Harvey's No. 6 powders have been compared with the standard 
pressure curves determined from Waltham-Abbey powder, the 
agreement is very close ; the departure from the normal curve not 
in any case exceeding that obtained in particular experiments with 
the Waltham-Abbey powders themselves. 

With respect to the pressime given by mining powder, the 
peculiarities shown by this powder were so interesting that it 
appeared to us important to determine its tension when fired under 
a high gravimetric density. We accordingly fired (Experiment 230) 
11,560 grs. (749 grins.) of this powder under a gravimetric density 
of unity. 

The pressures developed by two very accordant observations was, 
when corrected, 44 tons on the square inch (6706 atmospheres). 
The pressure obtained under similar circumstances from Waltham- 
Abbey powder was 43 tons on the square inch (6554 atmospheres). 

It will afterwards be seen that the capacity for perfoi'ming work 
of the various descriptions of powder is also not very different, and 
this similarity of result is the more remarkable when it is 
remembered that with, at all events, three of the powders, there 

permanent gases at temperature and pressure specified, is equivalent to the asser- 
tion that the permanent gases occupy 278*3 times the space which the powder 
occupied in its unexploded state, the gravimetric density of the powder being 
assumed to be unity. 
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were „ striking differences both in their ■ composition and in the 
decomposition that they experienced, .. and when, in consequence, 
materiai, variations both, in pressures at different densities and. in, 
potential energy might have been expected, 

, But returning to the great' difference in heat evolved, for 
example, by the Spanish and mining powders, we think it is difficult 
to resist the conclusion that the small number of units of heat 
evolved by the latter is in great measure due to the quantity of heat 
that has been absorbed in placing the very much larger proportion 
of the products of combustion in the form of permanent gases. 
This suggestion would, we think, also fully explain the fact alluded 
to in our first memoir,^ and to which we had l^een led purely by 
experiment, namely, ^Hhat the variations observed by us in the 
decomposition of gunpowder do not, even when very considerable, 
materially affect either its tension or capacity for performing w^ork.’' 

The above facts and remarks would also show that a comparison 
between different gunpowders, or a comparison between gunpowder 
and other explosive agents cannot, as has been proposed, f be 
determined by a simple measurement of the corresponding units of 
heat they evolve. 

Did such a law hold, the Spanish powder should have more than 
50 per cent advantage over the mining powder, but as a matter of 
fact, although not very widely different, the mining powder had the 
advantage, both in respect to the tension observed in a close vessel 
and to the energy developed in the bore of a gun. 

As regards the actual temperature of explosion, w© have little 
doubt, from the results of the further experiments detailed in this 
paper, that the temperature named in our first memoir, viz., 2200'^ 
Cent., is not far removed from the truth for the principal powders 
with which we were then experimenting. 

That temperature may not improbably be taken at the high limit 
of the temperature of explosion for the Spanish pellet, which, as eon-* 
jectured by us, has been proved to have developed a higher tempera- 
ture than any other powder with which we have experimented. „ 

, The complete fusion of the platinum with this powder, and' with 
this alone, is thus shown not to be an isolated or accidental occur- 
rence, but to depend on a real difference of temperature, and we are 
thus by two converging lines of reasoning brought' to, the conclusion 
that for pebble or R. L. G*. powder the temperature of explosion may 
be taken as a little above the melting-point of platinum, say about 

' * P./ " ■ , . . 

f De Tromeuec, Oomptes Mendm^ tom. ixxvii, 12S. 
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2100'’ Cent., wMle the temperature of explosion of a powder like the 
Spanish pellet may he taken as occasionally ranging up to 2200° Cent. 

The data at our disposal are not sufficient to enable us to 
determine the temperature of explosion of the English mining 
powder with the same accuracy, but it is probable that 2000 Cent, 
and 1800° Cent, may be assigned as the limits between which the 
true temperatm'e may be placed. 

After our remarks on the slight differences or accidents which 
appear to give rise to not inconsiderable variations in the products 
of decomposition of gunpowder, it is hardly necessary to point out 
that sxich differences in decomposition are nearly sure to give rise to 
corresponding variations in the temperature of explosion, and that 
therefore this temperature, even in one and the Same powder, cannot 
be supposed to be always identical.* 

Tide relation between the tension of the gases developed by the 
explosion of gunpowder (when it is expanded in the bore of a gun 
with production of work) and the volume which these gases occupy, 
is in our first memoir f expressed by the relation 

JH ^ f rn(l-a) )C,,+;3\ _ _ _ 

ik *■ J 

where p is the tension of the permanent gases corresponding to 
volume V, 0^/the specific heat of the permanent gases at constant 
pressure, Ct, the specific heat at constant volume, a the ratio which 
the volume of the non-gaseous products of explosion bears to the 
volume of the unexploded powder, ^ the ratio between the weights 
of the non-gaseous and gaseous portions of the products of explosion, 
X the specific heat of the non-gaseous products ; but in that memoir 
the values of the constants Cp, C,,, and j3 were calculated from a few 
of the analyses that were first made. The completion of the whole 
of our analyses has enabled us to recalculate these three constants, 
and their values, together with those of the other constants used in 
Equation (30), are given in Table 9, p. 266. 

With regard to the value of X it is necessary to say a few words. 
If the tensions given in Table 18, | of our first memoir, calculated from 
(30), be compared with the tensions actually observed in the bores of 
guns given in the same table, or if a comparison be made between 
curves B and 0 in Plate XX. (p. 230) of the same memoir, it will 

^ It Is by no means improbable that owing to the larger proportion of carbon 
which assumes the higher state of oxidation as the pressure under which the 
explosion takes place is increased, the temperatures at high tensions may be some- 
what greater than those which occur when the powder* is fired under low tensions. 

t Phil Tram., 1875, parti., p. 129. v J R 200, ante. 
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be observed that for densities of the products of combustion of *4 and 
below, or, in other words, for 2|- expansions and higher, the tensions 
actually observed with E. L. G. powder are in all eases, higher than 
.those ■ calculatecl from Equation (30). This, of course, should not be, 
as those, last tensions should .in. actual practice only he reached if 
there were no loss from windage, vent, or other causes, if there were 
perfect combustion of the charge, and if the charge were expanded 
in a gun perfectly impervions to heat. 

We surmised * as one of the causes of this difference that in our 
calculations we had taken X at its mean value, whereas wc pointed 
uiit that as the specific heat of the non-gaseoiis products must, 
according to our hypothesis, increase rapidly with the temperature, 
X should for our purposes be taken at a considerably higher value. 

As lio-wever the agreement between the observed and calculated 
tensions was exceedingly close, as when the calculations were applied 
to guns, the “ factor of effect alone would practically be altered, 
and as, finally, we had not sufficient data to enable us to correct this 
constant with any certainty, we did not feel justified in attempting 
hypothetical corrections. 

But since the date of the submission of our first memoir to the 
Eoyal Society, our knowledge of the action of large charges in the 
bores of guns has been greatly increased; not only have charges 
seven or eight times as great f as the largest of those then discussed 
been fired, but we have submitted to careful calculation, with a full 
knowledge of all the necessary data, the results of a very large 
number of rounds fired from guns of all sizes, from the 100-ton gun 
down to the smallest gnn in H.B.M.'s service. In some of these guns 
also the charges were so arranged as to suffer a high degree of expan- 
sion, and we have thus accumulated data which have enabled us to 
deduce a corrected value of X, and wffiich gives pressures and energies 
iiiore closely in accordance with the whole of the experiments we 
have discussed. 

The value of that is, the pressure _ corresponding to a gravi- 
iiie trie -density of unity, is taken at 6554 atmospheres — 43 tons per 

* '..P/wL 2Vam, loc. cit., p. 131. 

t The highest charge fired by the distinguished Italian artillerists who conducted 
the recent experiments with the 100-ton guns reached the great weight of 260 kilos. 
(573 lbs.) of Fossano powder— a powder singularly well adapted for use in large 
guns. The velocity given to a projectile of 908 kilos. (2001*5 lbs.) was (525*9 
metres) 1725 '3 feet per second, and the energy of the shot at the muzzle reached 
the enormous amount of (12,800 metre tonnes) 41,333 foot-tons. The highest 
charge fired from the 80-ton gun has been (208*7 kilos.) 460 lbs. prismatic powder. 
This charge gave to a projectile of 1705 lbs. a muzzle velocity of (495*6 metres] 1626 
feet per second and an energy of (9680 metre tonnes) 31,257 fooMons. 
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square inclij this Taliie being the result of our further experiments 
corrected for perfectly 'dry powder. , , 

Table 9, — Showing ike value of the constants in Equaiio^i (30). 

Pq = 43 tons per square mch = 6554 atmospheres, 
tt" = -57 

^ = 1-2957 
q, - -2324 

q- *1762 
A. = -45. 

From Equation (30), with the values of the constants given in 
Table 9, we have calculated the tensions for various gravimetric 
densities ranging from 1 to *05, and have expressed these tensions in 
kilogrammes per square centimetre, in tons per square inch, and in 
atmospheres. 

We have placed in the same table, for purposes of comparison, 
the pressures which would rule were the gases permitted to expand 
without production of work in a vessel impervious to heat, or, what 
amounts to the same thing, the pressures that would have place 
where the charges exploded in a perfectly closed cylinder, with the 
corresponding gravimetric densities. 

We have shown^ that the theoretic work which a charge of gun- 
powder is capable of effecting in exj^anding to any volume (v) is 

expressed* by the equation 

' ' 

W = 4- r ^ ^ Ao(l •" ^ (34) 

q-q I \v-av^ J ) * ^ f 

And on account of its very great utility, we give in Table 11, 
pp. 268-271, the results of the calculations of W for various values 
of V up to and inclusive of ?? = 50, the powder used being supposed 
to be of the normal type and free from moisture, and the constants 
having the values given in Table 9. 

The work is expressed in the table both in metre tonnes per 
kilogramme and foot-tons per pound of powder burned, and, by use of 
a proper factor of effect, is applicable also to powders differing very 
materially from those of Waltham-Abbey manufacture— for example, 
to iiiimiig or the Spanish powders. 

But before entering upon these special cases we shall, as the 
principles embodied in this table have led to the greatly iiiereased 
charges of recent guns, and the consequent high velocities attained, 
give one or two illustrations of its application. 

» * Tram, 1875, part i., p, 132. 
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Table 11, — Qimnff for mine ofv up to v=50, the total ioork that dry gunpowder of ■ 
the Waltham- Ahhey standard k capable of performing in the bore of a gnu m 
metre tonnes per kilogramnu^ and foot-tons per lb, of poivder h timed. 


.Number of 
volumes ■ 

: of expansion. 

CorrespondiDg 
" density „of 
j3roducts of 
combustion.. 

'Total work that gunpowder is capable of performing. 

Per kilog. 
burned in 
metre tonnes. 

Diftbrence, 

Per lb. 
burned in 
foot-tons. 

Diii'erence, 

l-OO' 

1*000 





1*01 

*990 

0-669 

•669 

•980 

•980 

1*02 

*980 .. 

. 1-322 

•653 

1*936. 

•956 

1*03 

•971 

1*960 

•638 

2-870 

*934 

1-04 

*962 

2-583 

•623 

3-782 

•912 

1-05 

*952 

3-192 

*609 

4*674 

•892 

1-06 

*943 

3-788 

*596 

5-547 

‘873 

1*07 

*935 

4-370 

*582 

6*399 

*852 

1*08 

•926 

4*940 

•670 

7-234 

•835 

T09 

•917 

5-498 

•558 

8*051 

•817 

ITO 

•909 

6*045 

•547 

8*852 

•810 

1*11 

•901 

6-581 

*536 

9-637 

•785 

1T2 

•893 

7-106 

•525 

10*406 

•769 

1-13 

•885 

7-621 

*515 

11*160 

•754 

1*14 

•877 

8-126 

*505 

11*899 

•739 

1-15 

•870 

8*622 

*496 

12*625 

•726 

1*16 

•862 

9-109 

•487 

13*338 

•713 

1-17 

*855 

9-587 

•478 

14*038 

*700 

1*18 

•847 

10*056 

•469 

14*725 

•687 

1*19 

•840 

10*517 

*461 

15*400 

•675 

1*20 

•833 

10-970 

*453 

16*063 

•663 

1*21 

•826 

11*416 

•446 

16*716 

•653 

1,*22 

•820 

11*855 

•439 

17-359 

•643 

1-23 

*813 

12*287 

•432 

17-992 

*633 

1-24 

: *806 

12*712 

*425 

18-614 

•622 

" 1*25 

•800 

13*130 

*418 

19*226 

•612 

1-26 

•794 

13*541 

•411 

19*828 i 

•602 

1*27, 

•787 

13*945 

*404 

20*420 

•592 

1*28 

. *781 

14*342 

*397 i 

21*001 

•581 

1*29 

•775 

14*732 

•390 

21*572 

' ' *571 

1*30 

*769 

15*115 

1 *383 

22*133 

*561 

1*32 ■ 

' *758 

15*875 

*760 

23*246 

i 1*113 

1*34 

" *746. 

16*611 

•736 

24*324 

1*078 

1*36 

•735 

17*326 

•715 

' 25*371 

1*047 

1*38 

*725 

18*021 

*695 

26*389 

1*018 

1*40 

•714 

18*698 

•677 

27*380 

•991 

1*42 

•704 

19-358 

•660 

28*348 

*968 

1*44 

•694 

20*002 

•644 

29*291 

*943 

1*46 

*685 

20*630 

*628 

30*211 

. . .. ..*920 . 

1*48 

•676 

21*243 

•613 

31*109 

*898 

1 *50 

*667 

21*842 

*599 

31*986 

•877 


•658 

22*427 

*585 

32*843 

>857 

1 *54 

*649 

22*999 

•572 

33*681 

-838 

1 ‘56 

*641 

23*558 

. . . *559 

34*500 

•819 

1*58 

*633 

24*105 

*547 

35*301 

•801 

I '60 

1*62 

*625 

•617 

24*641 

25*166 

*536 

•525 

36*086 

36*855 

.'■•785',..' 

•769 

' ./'...v'l'Oi 

•610 

25*680 

*514 

37*608 

' *753' : 

l*6§v': 

•602 

26*184 - 

*504 

38*346 

■■■--■■'■•738...'-' 

1*68 

*595 

26*678 

•494 

39*069 

*723. 

. 1*70 

•588 

27*162 

*484 

39*778 

*709 

:■ ' ';1,*72;''' ' 

•581 

27-637 

*475 ■ 

40-474 

*696 
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Table 1 1 — continued. 


Number of 
.volumes 
of expansion. 

Corresponding 
density of 
products of 
combustion. 

Total work that gunpowder is capable of performing. 

Perkilog. 
burned in 
metre tonnes. 

Dififerenee, 

. Per lb. 
burned in 
font -tons. 

'Difference. 

1 * 74 .' 

i -575 

28*103 

*466 

41*156 

•682 

1-76 

*568 

28-561 

• 45 S 

41*827 

•671 

1-78 

•562 

29 - on - 

*450 

42 - 486 ' 

-659 

, . 1*80 

. *555 

29*453 

; *442 ■ 

. 43*133 

-647 

, 1*82 

*549 

29 * 887 - 

. *434 

43*769 

*636 

1*84 

*543 

30*314 

; . *427 

. ' 44*394 

*625 

1*86 

*537 

30-734 

; *420 

45*009 

*615 

1-88 

‘532 

31-147 

•413 

45*614 

■■ *605 

1*90 

*526 

31 *553 ■ 

*406 

46*209 

•595 

1*92 

•521 

31*953 

•400 

■ 46*795 

*586 

1*94 

*515 

32*347 

•394 

47 * 372 " 

‘577 

1*96 

•510 

32*735 

' *388 

. 47*940 

*568 

1*98 

‘505 

33-117 

; . *382 

48 * 499 ' 

' *559 

2*00 

•500 

33-493 

•376 

49-050 

•551 

2-05 

• 48 S 

34*403 

•910 

50 * 383 - 

1-333 

2*10 

*476 

35*284 

•SSI 

51-673 

1*290 

2*15 

*465 

36*137 

^ *853 

5 - 2 - 92-2 

1*249 

2*20 

*454 

36*963 

•S26 

54*132 

1*210 

2*25 

•444 

37*763 

^ -soo 

55 *304 

1-172 

2*30 

•435 

38 • 538 - 

*775 

56*439 

1*135 

2*35 

•425 

39 * 289 ^ 

•751 

57*539 

1*100 

2*40 

•417 

40*017 

^ -728 

58*605 

1-066 

2 * 4.5 

•408 

40*723 

•706 

59*639 

1-034 

2*50 

•400 

41*408 

'685 

60*642 

1-003 

2 * 55 . 

•392 

42*073 

*665 

61*616 

•974 

2*60 

*384 

42*720 

•647 

62*563 

-947 

2 *65 

•377 ^ 

43*350 

•630 

■ ' 63 * 486 - 

•923 

2*70 

•370 

43*964 

•614 

64*385 

•899 

2*75 

•363 

44*563 

*599 

65 *262 

•877 

2*80 

• 35.7 

45*148 

*585 

66*119 

•857 

2*85 

*351 

45*719 

*571 

66 *955 

*836 

2*90 

• 34.5 

46*276 

*557 

67 '*771 

' *816 

2*95 

*339 

46*820 

•544 

68*568 ■ 

*797 

3*00 

•333 

47*352 

- -532 

69*347 

*779 

3*05 

•328 

47*872 ■ 

•520 

70*109 

' , *762 

3*10 

•322 

. 48 * 381 ' 

•509 

70*854 

*745 

3*15 

•317 

48*880 

•499 

71*585 

•731 

3*20 

•312 

49*369 

•489 

72-301 

•716 

3*25 

•308 

49*848 

*479 

73 * 002 “ 

.*701 ' 

3*30 

•303 

50*318 

•470 

73*690 

•688 

3*35 

•298 

50*779 

•461 

74*365 ' 

■ *675 

3*40 

•294 

51*231 

*452 

75-027 • 

*662 

3*45 

•290 

51*675 

*444 

75*677 

*650 . 

3*50 

•286 

52*111 

•436 

76 * 315 - 

•638 

3 * 55 ’ 

•282 

■ 52 ’539 

■ -428 

76*940 

•625 

3*60 

•278 

52*959 

•420 

77*553 

. *613 . 

3*65 

*274 

53*371 

•412 

, 78 * 156 ^" 

•603. :• 

3*70 

•270 

53*776 

•405 

78*749 " 

• , -593 ■ ' ■' 

3*75 

. -266 

54*174 ^ 

•398 

: 79*332 ' 

^ -583 

3 * 80 ^' 

•263 

54*565 

•391 

79*905 

•573 

3*85 

•260 

54*950 • 

*385 

80*469 

•564 

3*90 

•256 

55*329 

•379 

81*024 

•555 

. 3.*95 

•253 

55*702 ' 

*373 

81*570 

•546 

4*00 

•250 . 

56*069 ' 

•367 

82*107 

' . *537 

' 4*10 

•244 . 

56*786 

; *717 

^ 83*157 

1*050 
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Table II — continued. 


umber of 
volmnes 
of expans to . 

Corresponding 

Total work tliat gunpowder is capable of performing. 

density of 
products of 
eombustioa. 

Per kilog. 
burned in 
metre tonnes. 

Difference, 

Per lb. 
burned in 
foot-tons. 

Di fiference. 

4*20 ■ 

4*30 

4*40 . 
4*50 

4*60 

4*70 

4 - 80 

4*90 

6*00 

5*10 

5 - 20 

5*30 

6 - 40 

5*50 

6-60 

5*70 

5*80 

5*90 

6-00 

6-10 

6*20 

6-30 

6*40 

6*50 

6-60 

6 - 70 

6*80 

6*90 

7 - 00 

7*10 

7*20 

7*30 

7*40 

7*50 

7*60 

7*70 

7*80 

7*90 

8*00 

8*10 

8 - 20 

8*30 

8*40 

S-oO 

8-60 

8*70 

8-80 

8-90 

9*00 

9*10 

9*20 

9*30 

9*40 

9*50 

9*60 

•238 

•232 

■227 

•222 

•217 

•213 

•208 

•204 

•200 

•196 

•192 

*188 

*185 

•182 

•178 

*175 

•172 

•169 

•166 

•164 

•161 

-159 

•156 

•154 

•151 

•149 

1 -147 

•145 
•143 
•141 
*139 
•137 
•135 
•133 
•131 
•130 
•128 
•126 
*125 
•123 
•122 
•120 
*119 
•117 
•116 
•115 
•114 
•112 
■111 
•110 
•109 
*108 
•106 
•105 

: , *104 ■ 

57 - 482 

58 - 158 

58 - 815 

59 - 454 

60 - 076 

60 - 671 

61 - 260 

61 - 834 

62 - 394 

62 - 941 

63 - 475 

63 - 997 

64 - 507 

65 - 006 
65-494 

65 - 972 

66 - 440 

66 - 898 

67 - 347 

67 - 787 

68 - 219 

68 - 643 

69 - 059 
69-468 

69 - 870 

70 - 265 

70 - 653 

71 - 034 j 

71-411 

71 - 779 

72 - 141 
72-497 

72 - 847 

73 - 191 
73-530 

73 - 864 

74 - 193 
74-517 

74 - 836 

75 - 150 
75-460 

75 - 766 

76 - 068 
76-366 
76-660 

76 - 950 

77 - 236 
77-619 

77 - 798 

78 - 074 
78-346 
78-616 

78 - 880 
: 79-142 

79 - 401 

•696 
•676 
•657 
•639 
•622 
•605 
•589 
•574 
•560 
*547 
•534 
•522 
•510 
*499 
•488 
•478 
•468 
•458 
•449 
•440 
•432 
•424 
*416 
•409 
•402 
*395 
*388 
•381 
' *374 

•368 
•362 
•356 
•350 
•344 
•339 
*334 
•329 
•324 
*319 
•314 
•310 
•306 
•302 
•298 
•294 
•290 
•286 
•283 
•279 
•276 
•272 
•269 
•265 
•262 
•259 

84*176 

85*166 

86*128 

87*064 

87*975 

88*861 

89*724 

90-565 

91*385 

92-186 

92*968 

93*732 

94*479 

95*210 

95*925 

96*625 

97*310 

97*981 

98*638 

99*282 

99*915 

100*536 

101*145 

101*744 

102*333 

102*912 

103*480 

104*038 

104*586 

105*125 

105*655 

106*176 

106*688 

107*192 

107*688 

108*177 

108*659 

109*133 

109*600 

110*060 

110*514 

110-962 

111*404 

111*840 

112*270 

112*695 

113*114 

113*528 

113*937 

114*341 

114 •739 
115*133 
115*521 ■ 
115*905 
116*284 

1*019 
•990 
*962 
•936 
' mi 
•886 
•863 
*841 ■ 

*820 
•801 
•782 
•764 
•747 
•731 
•715 
*700 
•685 
•671 
•657 
•644 
•633 
•621 
•609 
•599 
•589 
•579 
•568 
•558 

I *548 

•539 
•530 
•521 
*512 
•504 
•496 
•489 
•482 
•474 . 

•467 
•460 
*454 
■ *448 

•442 . 

*436 
•430 
*425 . ", 

•419 

*414 

•409 

, *404 , 

* 398 '- ■■ 

■■ ■•394 
•388 
•384 
•379 


» 
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Table 


Numlser of 
, volnmes , 
of expansion. 

Corresponding 
density of 
products of 
comtaistion. 

Total work that gunpowder is capable of perfonnin^ | 

Ferkilc^, 
burned in 
metre tonnes. 

rdfference. 

' Per lb. . 
burned in 
foot-tons. 

Dillference. 

9-70 

•103 

79-657 

-256 

116-659 ' 

■375 

9*80 

U02 

79-910 

•253 

117-029 

•370 

„ 9*90: . ' 

•101 

80-160 

•250 

117-395 

•366 

10 ■ 

•100 

80-407 

•247 

117-757 

-362 

.11 

•091 

82*734 

2-S27 

121*165 

3*408 

12 . , 

. . *083' ' ' 

84-833 

2-099 

■ 124*239 . 

3-074 

18." 

•077 

86-743 

1*910 

127*036 

2-797 

14 

•071 

88-945 

1-752 

129*602 

■ 2-566 

15^ 

. *066 

90-112 

1-617 

131*970 

2-363 

16 

.■>'062 . 

91*613 

1*501 

134-168 

2-198 

17 

•059 

93-013 

1*400 

136*218 

2-050 

18 

•055 ■ 

94-324 

1-311 

138*138 

1-920 

19 

•052 

95-557 

1*233 

139*944 

1*806 

20 

•050 

96*720 1 

1*163 

141*647 1 

1*703 

, 21 

•047 ■ 

97*820 i 

1*100 

143*258 ! 

1*611 

22 

•045 

98-865 

1-045 

144-788 ■ 

1*530 

23 

•043 

99*858 i 

•993 

146-242 ' 

1*454 ' ...' 

24 

•042 

100*805 

•947 

147-629 i 

1-387 

25 " 

•040 

101-709 

*904 

148*953 - 

1-324 

■' 30 ■ 1 

•033 

105-701 

3-992 i 

154-800 1 

' 5*847 

35 

•028 

109*024 

3*323 

159*667 

4-867 

40 

•025 

111*865 

2-841 

163-828 

4*161 

45 

•022 

114*342 

2-477 

167*456 

3*628 

60 . ■ , 1 
', 1 

•020 

116*537 I 

1 

1 

2*195 

170-671 

3-215 


Thus if we wish to know the maximum work of a given charge 
fired in a gun with such capacity of bore that the charge suffered 
five expansions during the motion of the projectile in the gun, the 
gravimetric density of the charge being unity, the table shows us 
that for every poimd or kilogramme in the charge, an energy of 91*4 
foot-tons or 62,394 kilogrammetres will as a maximum be generated. 

If the factor of effect for the powder be known, the above values 
imiltipliecr by that factor will give the energy per pound or kilo- 
gramme that may be expected to be raised in the projectile. 

But. it rarely happens, especially with the very large charges 
used in the most recent guns, that gravimetric . densities so high as 
unity,, are employed, and in such eases, from the total realisable 
energy must be deducted the energy which the powder would . have 
generated had it expanded from a density of unity to that , , actually 
occupied by' the charge, 

, , .Thus, '.in the instance above given, if we suppose the 'charge 
instead of a gravimetric density of unity to, have a gravimetric 
density of *8, which corresponds to a,. volume of expansion of 1,'25,'We 
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see from Table 11 that ‘ from the 91*4 foot ■"tons or 62,394 kilo- 
grammetres above given there iimst be subtracted ^ 19*23 foot- 
tons or 13, 127*3 kilogrammetres, leaving 72*17 foot-tons or 49,272*8 
kilograiimietres as the niaximiim energy realisable under the given 
conditions per pound or per kilogramme of the charge. 

As before, these values must be multiplied by the factor of effect 
to obtain the energy imlisable in the projectile. 

But, to apply these principles to an actual case. The factor of 
effect of a certain brand of pebble-powder having been found in d 
powder-proof gun to be with that gun between *82 and *84, let us 
examine what are the energies likely to be realised with charges of 
70, 90, and 100 lbs. in an 8-inch gun, of 130 and 140 lbs. in a 10-inch 
gun, and of 235 lbs. in an 11 -inch gun. • 

We have selected these instances both because the same powder 
was used in the experiments, and because they offer considerable 
variety with respect to the number of expansions and the gravi-: 
metric densities of the charges. 

Taking first the 8-inch gun. The numl3er of expansions that the; 
charges experienced in the bore of the gun and the original gravi- 
metric densities of the charges, were as follow : — ; 

For a charge of 70 lbs., number of expansions 

,, ,, 90 ,, 4*/ 6, ,, ’/bO 

,, ,,100 „ „ 4-29, „ «865 

Hence, from Table 11, the maximum energy realisable is— 

Foot-tons per lb. 

For the 70 lbs. charge, 994 foot-tons - 37*60 foot-tons = 61*80 
„ 90 „ 89-3 „ - 20-86 „ = 68-44 

„ 100 „ 84-9 „ -13-66 „ = 71-24 

Multiplying these energies by the factors of effect obtained from 
the proof of the powder and by the number of pounds in the charge, 
we should expect the energy realised from the 

70 lbs. charge to He between 3547-3 and 3633-8 foot-tons. 

90 „ „ 5050-9 „ 5174-0 

100 „ „ 5841-7 „ 5984-2 „ 

Compare now these results with the actual experiments. On 
firing the above charges, it was found that the *10 lbs. charge gave to 
a 180 lbs. shot a velocity of 1694 feet per second, corresponding to a 

• This correction, as has been elsewhere pointed out by one of us, is only 

approximate. 
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total energy of 3637, foot-tons, the 90 lbs. charge, a Telocity of 2027 
feet per second, „ or a total energy of ,5133 foot-tons, and the 100 lbs. 
charge a velocity, of 2182' feet per second, or, an energy of 5940 

foot-tons. ' ■ ‘ ■ ' ■- ■ ■„ ■ " * ' 

^ , , In the 10-ineh gim the number of expansions and the gi^avimetric 
densities,, were— - 

For the chargeof 130 lbs., number of expansions 

140” „ . ■„ •, 4*050, „ .0*840 

Hence, as before, the maximimi energies realisable are found 
to be — 

For the 130 lbs., 65*14 foot-tons per lb. (84*94 - 19*80) 

„ 1,40 „ 66*84 , „ , , „ (82*50-15*66) ; 

and iiiiiltiplyiiig by' the same factors of effect, the total energy 
realised would lie between 6943*9 and 7113*3 foot-tons for the 
former, and between 7673*2 and 7860*4 foot-tons for the latter 
charge. 

The actual results obtained with the 10-ineh gun were, for the 130 
lbs. charge, a velocity of 1605 feet per second and an energy of 7158 
foot-tons; for the 140 lbs. charge, a velocity of 1706 feet per second 
and an energy of 8092 foot-tons. With the 235 lbs. charge fired 
from the 11-inch gun the number of expansions was 4*214, the 
gravimetric density of the charge *770, while the energy realised was 
found to be 13,066 foot-tons, or 55*6 foot-tons per pound of powder 
used. ' 

It will be noted that with the 8-ineli gun (it happens that this 
. calibre is the same as that of the gun used for powder-proof, although' 
the charges employed with this last are from one-half to one-third of 
those we are now discussing) the results 'realised are in each case 
very close to those predicted ; *84 as a factor of effect gives calculated, 
results all but coi.iicident with the high limit above given,., 'but it 
must, not be expected that results so closely accordant can always be 
obtained.. Even when the same charges of . the same powder and 
under precisely the same conditions are fired, considerable variations 
in energy sometimes have place. In the 10-incIi gun, and with the 
larger charges of 130 and 140 lbs., it will be observed that the 
realised energies are 'in both instances higher than the highest 
expected energy above given. In other 'words, for .this gun and these 
charges a factor of from *85 to *86 should' be used instead of the 
factor *84. Again, .with, the ll-inch' ,gun, when, the still larger charge 

'■ ■ s'^' ,' .. 
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of 235 lbs. was employed, it will be found from the figures above 
given that the factor of effect for this gun, powder, and charge is 

■abo'ut/SS,'., 

Hence the factor of effect with the same powder has gradually 
inereased from ahout *83 in the powder-proof gun, to *84 in the 8-inch 
gun, to *86 in the lO-inch, and to *89 in the 11-inch gun. And, 
generally, we must point out that not only may the factors of effect 
differ very much with the powders employed, being in this respect 
dependent upon circumstances, such as the density of the powder, its 
size of grain, amount of moisture, chemical composition, nature of 
charcoal used, eta, but they may also vary considerably even with 
the same powder if the charges be not fired under precisely the same 
circumstances. For example, especially with slow-burning powders, 
the weight of the shot fired exerts a very material influence upon 
the factor of effect, and the reason is obvious: the slower the shot 
moves at first, the earlier in its passage up the bore is the charge 
entirely consumed and the higher is the energy realised. The same 
effect, unless modified by other circumstances, is produced when 
the charge is increased with the same weight of projectile. In 
this case the projectile has to traverse a greater length of bore 
before the same relief due to expansion is attained. The higher 
pressures which consequently rule react upon the rate of com- 
bustion of the powder, and again a somewhat higher energy is 
obtained. 

But these increased effects, of course, correspond to an increased 
initial tension of the powder-gases; but, especially with the smaller 
guns, a very great difference in the realised energy may arise from 
other causes. Thus, it having been found that with certain breech- 
loading guns a superior effect was attained by substituting copper 
rings for lead coating, it was assumed that the cause of this superior- 
ity was due to the less friction of the copper rings in the passage 
of the shot up the bore. But it occmTod to one of us that the 
superior effect was in all probability not due to less friction, and the 
following experiments were made : — 

Three rounds were fired from a 12-centimetre BX. gun with 7 
lbs. S. L. G. powder and the ordinary service lead-coated shot. The 

energy realised per lb. of powder was 80*65 foot-tons. 

Three more rounds were fired with the lead considerably reduced, 
and so as barely to fill the grooves. The mean energy realised per 
lb. was 78*68 foot-tons, thus showing that no superior effect but 
the reverse was thereby obtained. 
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Two rounds were then fired with shell fitted with copper rings. 
The energy, obtained was 82 foot~tons per lb.;, and the., gain was real, 
but the chamber. pressure mn up .from a mean of 16 ‘ 8 .. tons on 
the . square inch to a mean of 18’6 tons ; thus showing that, at all 
events in, gre.at measure, the increased effect is caused not by the 
copper bands giving rise to less loss by friction, but to the fact 
that the increased difficulty of forcing the copper bands into the 
grooves permits the powder to become fully burned at an earlier 
point in the bore, and thus an increased effect from the powder is 
realised; 

But to show the effect of a greater or less degree of retention of 
the shot in its chamber in as clear a light as possible, the following 
experiments were made. Four projectiles for a 12-centiEietre B.L 
gun were manufactured of precisely the same weight, and which 
differed from one another in the following respect only ; that two of 
these were fitted with a rotating gas-check of such a form that a 
high pressure would be necessary to force the projectile into the 
bore; the two others being fitted with gas-elieoks of a form such 
that a comparatively feeble pressure only would be requisite. The 
copper surfaces in contact with the bore were the same in each 
case. 

Two rounds, one with each form of gas-check, were then fired 
with a charge of 7 lbs. of E. L. G. powder, every condition, except as 
noted, being precisely the same; the velocities with the two forms 
were respectively 1609 feet per second and 1512 feet per second, 
giving rise to 82*04 and 72*44 foot-tons per lb. of powder. The 
chamber pressures were respectively 15*2 and 12*0* tons per 
square inch. Two further rounds were then fired with charges of 7| 
lbs. E. L. G., when velocities of 1644 and 1544 feet per second, or 
energies per lb. of 79*94 and 70*51 foot-tons were respectively 
obtained, the chamber pressures in this case being 16*4 and 14*1 
tons per square inch. 

. .These experiments prove in the most complete manner that 
although there may be, and doubtless is, some difference in the 
.amomit of friction due to the employment of lead or copper as the 
driving or rotating material, that difference is perfectly insignificant 
'.when compared, to the alteration in energy due to the projectile 

' ^ The figures given denote the pressures on the bottom of the chamber and the 
base of the projectile respectively. The pressures are given as observed, but that 
on the base of the projectile requires an addition not generally made In actual 
practice. 
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"being more or less retained in its initial position, and tliiis per- 
Blitting tlie powder to be consumed earlier and in a more complete 
manner. 

In cases where the projectile has been removed for a consider- 
able distance from the charge, that is, when there is a considerable 
air space between the charge and the projectile, it has been found 
that the energy developed in the projectile is materially higher than 
that due to the expansion of the powder-gases through the space 
traversed by the projectile, and the cause of this appears to ns clear. 
When the charge is ignited at one end of the bore and the ignited 
products have to travel a considerahle distance before striking the 
projectile, these ignited products possess considerable energy, and a 
portion of this energy will be communicated to the projectile by 
direct impact. 

With the great lengths of charges used in the larger guns of the 
present day, some action of this sort doubtless, under ordinaiy 
circumstances, frequently happens, thus giving rise to somewhat 
more energy in the projectile than that due to the expansion of the 
gases from their initial density in the powder chamber to their final 
density when the projectile reaches the muzzle of the gim.^ 

A considerable number of rounds have been fired from- small guns 
with mining powder. The particular powder of which the analysis 
is given in this memoir generated an energy differing but little from 
those obtained with E. L. G. under like conditions. Another sample 
of mining powder, however, differing from the first sample in 
containing a higher proportion of saltpetre, generated an energy 
higher than did any of the E. L. G. powders with which it was 
compared. This last powder, we may remark, was that which gave 
the pressime of 44 tons on the square inch when fired in an 
absolutely close vessel, with a gravimetric density of unity. 

The Spanish spherical pellet powder generated rather less energy 

As bearing npontbe energy which is usually assigned to a projectile, we may 
remark that it is customary in correcting the measured to the muzzle Telocity to 
assume that the loss due to the resistance of the air has accrued from the instant the 
shot quitted the muzzle. But, especially with the large charges and high-miizzle 
pressures now employed, we believe this rule should be greatly modified. 

For a considerable distance from the muzzle of the gun the projectile will be 
moving in an atmosphere with a velocity higher than its own, and for some short 
distance It appears to us probable that its velocity may be receiving an appreciable 
increase. As corroborative of our views, we may note the great indications of 
pressure upon gas-checks on the projectiles after these last are released from the 
support of the bore. Also the fact that when the muzzle velocities calculated from 
data measured inside the bore were compared with those calculated from the data 
measured outside, the latter were in all cases somewhat higher. 
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fclmii did the liiining powder, but in neither powder did the realised 
effect vary more from that generated' by the normal service Waltliaiii- 
Abbey powders than do occasional samples of ' these last — a 
siifficiently curious result, as we have already remarked; when the; 
differences in the composition and the great differences;' in tlm 
decomposition of the various powders are taken into aecouni . 

; , ...The 'Saiiie remarks as to energy apply , generally to the small- 
grained powders. ■■■ 

. These, , indeed, cannot be ■ fired satisfactorily without special, 
arrangements in very large charges, chiefly, among other reasons, from 
their tendency to cake under the pressure of the first ignited 
portion; but, for smaller charges the^ tables in this memoir alike 
apply. ■ 

Of course, were similar weights of .pebble, E. L. G., and F. G-. fired 
in the same gun, the gun l^eing supposed to be of small calibre, the 
energy realised by the F. G. would be greater than that realised 
by E. L. G., and still greater than that realised by pebble, on 
account of its much more rapid combustion. The maximum pres- 
sures developed in the bore would correspond with the energies 
realised. 

When the maximum chamber pressure as well as the energy 
developed by a given charge in a given gun are known, we are able 
from Table 10 to fix very approximately the position of the shot in 
the bore when the combustion of the charge may practically be 
considered to be effected. Thus, if with a given energy in the 
projectile it is found that the maximimi chamber pressure is 3118 
atmospheres (20*46 tons on the square inch), we learn from Table 10 
that this tension corresponds to a density of the products of com- 
bustion of *70; and hence the charge may be supposed to be practi- 
cally eonsiimed -when the projectile is in such a position in the bore 
that the products had this mean density. ' Again, if the observed 
pressure was 2400 atmospheres (15*73 tons per square inch), the 
same table shows us that, when this pressure is reached, the position 
of the projectile in the bore corresponds to a density of charge 
of *6,0. ' ; . 

. It. will, be gathered from what has. just been said, that, with a 
little, , experience, if the factor of effect and maximum eliamber 
pressure in' a.ny gun be known, the behaviour . of the same powder in 
other guns, or in the same gun with other charges; or weights of shot, 
can be anticipated. It was the consideration of the results embodied 
in Tables 10 and’ 11 that allowed ■ the high energies (more than 
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twice as great as those obtamod from the same calibres a few years 
back) to be predicted and realised; to be realised, also, with less 
straiii to the gan than when much smaller charges were fired, 
without attention being paid to the all-important point of the 
density of the products of explosion at the moment when such 
explosion may be considered to be completed. 

It will readily be understood from our remarks upon Table 11, 
that, to the artillerist, two descriptions of factors of effect are useful 
One of these factors is employed to give the ratio between the work 
actually realised in a given gun, and the maximum work attainable 
by the charge (its gravimetric density being supposed to be unity). 
The value of this factor shows whether or not the charge is 
economically employed. The other factor is employed to denote 
the ratio between the work actually realised and the maximum work 
realisable by the charge, in expanding from the gravimetric density 
of the powder chamber to the mean density of the products of 
explosion, at the moment when the projectile leaves the muzzle of 
the gun. 

With respect to the first class of factors, it would obviously be 
difficult to lay down general rules. The value of the factor depends 
mainly upon the gravimetric density of the charge, but we may 
remark that, in the most modern guns, even with the advantage 
they possess of great absolute length, the powder is very un- 
economically burned. With the very high charges and consequent 
small number of expansions, with the low gravimetric density also of 
the charge, the realised energy per pound of powder is necessarily 
much lower than was the case with the older guns. 

The same difficulty does not exivSt with regard to the second 
class of factors of effect. With respect to these, it may be enough 
to state that, in the smaller guns with E. L. G. powder, the factors 
of effect vary with a mild brand of powder from *71 to *76 ; with a 
specially violent brand, from *82 to *89, the variations being chiefly 
dependent upon the principles we have already explained. 

In 64nch guns, firing pebble-powder of the normal quality, the 
factors of effect vary from *75 to *82; and, as the calibres of the guns 
are increased, the factors of effect likewise gradually increase, until, 
in the 80- and 1004on guns, factors of from *89 to *96 have usually 
been reached. 

In concluding this memoir, we desire to remark that, although 
the agreement between the results of the long and laborious series 
of experiments and calculations which we now bring to a close have 
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far exceeded the expectatioBS we had ■ 'formed when, we commeBced 
our task, it would yet be idle to suppose that many of oar deduc- 
tions, referring as they do to temperatures and tensions far aboYO 
the range of ordinary research, will not require some subsequent , 
correction. 

But although certain minor points may, as we have said, require' 
considerable correction, we have little doubt that the main theories 
upon which we insist — confirmed, as . they are, by experiments, .made ^ 
or facts obtained under an almost infinite variety of eircuinstances 
— must be accepted as very approximately correct. It is satis- 
factory to find that the laws which rule the tensions and tempera- 
tures of ' gases under ordinary circumstances do not lose their 
physical significance, but are still approximately applicable at the 
high temperatures and pressures we have been considering. 

At all events, whether we are right or wrong in taking this view, 
it appears to us certain that the rules and tables we have laid down, 
based on our analyses, experiments, and calculations, may for all 
practical purposes be accepted as correct, and may, bearing in mind 
the restrictions to which we have rafemd in this memoir, be 
applied to nearly every question of internal ballistics. 

Memomndum showing the elementary substances found in the jmduets 
of explosion, and esdsting in the powder before combustion, 

1 . 

Calculated gaseous 
products. 

Grms. 

45*820 
44-359 
,45-090 


Elements in— 

K. 

C. 

s. 

H. 

o. 

,N. 

Eemarlts. 

Gaseous state * 


9*518 

1*294 

■153 

22*298 

11-827 


Solid state . 

30-039 

2*803 

7*227 

•008 

17-017 

•086 


Total found 

30-039 

12*321 

8*521 

-161 ’ 

39*815 ' 

11-913 


Origmallv in 
powder . 

29-660 

12*456 ^ 

10*349 

•534 

38*720 

12-160 


Difference , . 

+ -379 

-*135 

-1*828 

- *373 

4-1-092 

->247, 



Experiment 8. — 102*7'7 grms. pebble, density = ’ 


From analysis of solids 


mean 


Calculated solid 
products. 

Orms. 

56 - 950 

, 58-411 

57 - 680 


Oxygen in hyposulphite, 3-013 grms. 
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, Experiineut 7.— 204‘11'7 gnus, pebble, density ='2, 



-Calculated solid 

Calculated gaseous 


products. 

products. 


Gmis, 

Grms. ■ 

From analysis of solids . 

. 111-271 

92-846 

,, gas 

. 117-195 

86-922 

' ■ mean 

. 114-233 

89-844 


Elements iu— 

K. 

C. 

s. 

H. 

0. 

N. 

Remarks. 

Gaseous state . 


19*06 

3*53 

•41 

44*04 

22*84 


Solid state . 

60-47 

5*73 

18*19 

•01 

29-74 

•05 


Total found 

60*47 

24-79 

21-72 

•42 

73-78 

22*89 


Originally in 
powder . 

58*91 

24-74 

20-56 

1*06 

76-58 

23*01 


' Difference . 

+ 1*56 

+ 0*05 

+ 1*16 

~*64 

-2*80 

-0*12 



Oxygen in hyposulphite, 1*070 grm. 


Experiment 9. — 306*175 grins, pebble, density =*3. 


Calculated solid Calculated gaseous 
products. products. 

Grms. Grms. 

From analysis of solids . . 167*338 138’837 

„ gas . . 174‘GIl 132*164 

mean . , 170*674 135*501 


Elements in— 

K. 

C. 

S. 

H. 

0 . 

'N.' 

Remarks. 

Gaseous state 


29*119 

3*596 

■ *442. 

67-927 

34-417 


'Solid 'state . . 

90*126 

8*904 

26*166 

•024 

45*246 

•208 


■'Total 'found'. 

Originally in 

90*126 

38-023 

29*762 

*466 

113-m 

34*625 


powder , 

88*362 

37-108 

30*832 

1*592 

114-771 

34-006 


; ’ 'DilfereBee .'."■ 

-1*764 

+ 0*915 

-1-070 

-1*126 

■-l''*598'' 

+ 0*619 



Oxygen in hyposulphite, 1-858 grm. 
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Experiment 12.— 411'085 grms. pebble, density = '4. 




Calculated solid 
products. 

Calculated gaseous 
.products. 



Grms. 

' Gots. ■ . 

'From .analysis 

of solids 

. 237-717 

173-368 

93 

gas 

. 230-767 

180-318 

S3 

mean 

. 234-242 

176-843 


Blements iu— 

K. 

• 

C. 

S. 

H. 

0. 

N. 

Eemarlcs. 

Gaseous state . 


38*314 

2-712 

•466 

90*344 

45-007 


Solid state , ■ . 

116*983 

11-342 

39-047 

•013 

64-703 

- *262 


Total found 

116‘983 

49 *656 

41-759 

•479 ■ 

155*047 

45*269 


Originally in 
powder . 

118*639 

49*824 

41-396 

2*138 

154*058 1 

45*235 ■ 


Diiference . 

-1*656 

-0*168 I 

+ •363 

-1*659 

+ *989 1 

■ + *034 



Oxygen in hyposulphite, 8*311 grms. 


Experiment 14. — 513'856 grms. pebble, density ='5. 




Calculated solid 

Calculated gaseous. 



products. 

products. 



Gnus. 

Grms. 

From '.analysis 

of solids 

. 278*232 

235-624 

S3 

gas 

. 288*739 

225-117 

33 

mean 

. 283*485 

230-370 


Elements in— 

K, 

C. 

B. 

H, 

0. 


Remarli:.s. 

Gaseous state . , 


49*715 

4*073 

*676 

117*361 

58*520 


Solid state . . ' 

151*i25 

13-957 

45*428 

•018 

72*595 

•361 


Total found, . 

151*125 

63*672 

49-501 

•694 

189*956 

.58*881 


Originally in 
powder 4 ,» 

: 148*299 

62*279 

51-745 

2*672 

192*505 

• 56*244 


Differenee , , , 

■ +2*826 

+ 1*393 

-2*244 

-1*978 

-2*549 

+ 2*637' 



Oxygen in hyposulphite, 4 ‘372 grms. 
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Experiment 37— 295-488 gms. pebble, density = -6. 




Calculated solid 

Calculated gaseous 



products. 

products. 



Grms. 

Grms. 

From analysis 

of solids 

. 167-161 

128-327 

Si 

gas 

. 166-076 

129-412 

ss 

mean 

. 166-618 

128-870 


Elements in— 

K. 

c. 

S. 

H. 

O. 

# 

N. 

Eemarlcs. 

Gaseous state 


27-874 

2*608 

•398 

65*680 

32-410 


Solid state . 

85*001 

8*424 

26*806 

•008 

45*911 

•468 


Total found 

85-001 

36*298 

29-414 

*406 

111-491 

32*878 


Originally in 
powder , 

85-277 

35*813 

29-756 

1*536 

110-672 

32*254 


DiiFerence , 

-0-276 

+ 0*485 

-0*342 

-1*180 

+ 0*819 

+ 0-624 



Oxygen in hyposulphite, 4*178 grms. 


Experiment 38. — 344-736 grms. pebble, density = -70. 




Calculated solid 

Calculated gaseous 



products. 

products. 



Grms. 

Grms. 

From analysis 

of solids 

. 202*460 

142-276 

ss 

gas 

. 192*885 

151-851 

ss 

mean 

. 197*673 

147-063 


Elements in— 

K. . 

c. 

s. 

H. 

0. 

N. 

Remarks. 

'''Gas.eous state 



31*133 

4*193 

•484 

74-178 

37-075 


Solid, state ' , - 


97-174 

8*742 

81*291 

•009 

60*143 

•314 


Total found 
Originally in 


97-174 

39-875 

85-484 

-493 

134*321 

37-389 


powder . 

• 

99-491 

41-782 

34-716 

1-793 

129*060 

37-413 


V'Difference . 

* 

- -317 

-1-907 

+ •709 

-1*300 

+ 5-261 

- *024 



Oxygen in hyposulphite, 16 -030 grms. 
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Experiment 43 (76). — 393’984 grms. pebble, density = '8. 

Calculated solid Calculated gaseous. 


■ products. products. 

Crms. Cnus. 

From analysis of solids . . 229*932 164*052 

gas . . 219*181 174*803 

yy mean . . 224*557 169*427 


Elements m— 

' E.' 

• 

C. 

s. 

H. 

0. 

. N. 

'Ba,marks, 

Gaseous state .. 


36 -IS? 

2*965 

•402 

86*801 

43*102 


Solid state. 

111*046 

11 -617 

34-704 

•015 

66*653 

•490 


Total found 

111*046^ 

47-804 

37*669 

*417 

153*454 

43-592 


Originally in 
powder . 

113*704 

47-751 

1 

39*674 

2*049 ; 

147*519 

42 -SOI 


Difference . 

-2*658 

-r *053 

-2*005 i 

-1*632 i 

1 

+ 5*935 

+ *791 



Oxygen in hyposulphite, 11*708 grms. 


Experiment 77. — 417*31 grms. pebble, density = *9. 



Calculated solid 
products. 

Calculated gaseous 
product-s. 


Grms. 

Grms, 

From analysis of solids 

. 246*150 

171-160 

„ gas 

. 232*380 

184-930 

„ mean 

. 239*260 

178-050 


Elements in— 

K. 

C. 

s. 

H. 

o. 

N. 

Remarks. 

Gaseous state . 


37-765 

3-386 

•547 

90-866 

45*492 


Solid state , 

117-004 

13-570 

37-799 

•023 

70*127 

*676 


Total found , ^ 

117-064 

51*335 

41*184 

*570 

160-993 

46*168 


Originally in 
powder . 

120-436 

50*578 

42*023 

2*170 

156-237 

45*306 ; 


Difference . ■ . 

- 3-872 

+ •757 

- *839 

-1*600 

+ 4-756 : 

+ -862 1 



Oxygen In hyposulphite, 8*001 grms. 




284 EESEARCHES ON EXPLOSIVES 

Experiment 1.— 90-719 gi'ms. E. L, O., density = -1. 

Calculated gaseous 
products. 

Grms.. 

38*463 : „ 

, 39*154 
38*809 


Elements in— 

K. 

C. 

S. 

H. 

0 . 

N. 

Eein'arks. 

Gaseous state . 


7-648 

1*421 

•149 

18*698 

10*894 


Solid state . 

26*ilS 

2-747 

6-774 

•003 

16*222 

•051 


Total found 

26*113 

10*395 

8*195 

T52 

34*920 

10*945 

1st analysis 

Originally in 
powder . 

26*299 

9*852 

9*344 

•490 

34*698 

11 •149 

of powder 
top of 
l>arrel. 

DiiFerence . 

-•186 

4- *543 

-1*149 

-•338 

: + -222 

-•204 



Oxygen in hyposulphite, 2*665 grras. 


From analysis of solids 


gas 

mean 


Calculated solid 
products. 

Grms. 

52-256 

51-565 

51-910 


Experiment 3. — 190-538 grms. E. L. G-., density = -2. 


Calculated solid Calculated gaseous 
products. products. 

Grms. Grms. 

From analysis of solids . . 108*556 81*982 

gas . . 109*503 81*035 

„ mean . . 109*030 81*508 


Elements in— 

K. 

C. 

s. 

H. 

o. 


Remarks. . 

Gaseous state . 


16 *256 

2*669 

•289 

39*397 

22*896 


„ Solid state . ■ 

55*479 

5*222 

16*191 

•005 

32-037 

•100 

1st analysis 

Total found , ■./ 

Originally in 

65-479 

21-478 

18*860 

, -294 

71*434 

22*996 


powder . 

55-237 

20-692 

19*625 

1*029 

72*559 

22*169 


Difference • ■. 

+ *242. 

+ •786 

-•765 

-•735 

-1*125 

+ *827 



Oxygen in hyposulphite, 1 *580 grra. 
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Experimait 4— 285*833 grins.. E. L. .G.-> density = *3. ' ' - 




Calcnlated solid 
products. 

Calculated gaseous, 
products. 

From analysis 

of solids 

Orms, 

. 165*992 

Orms. 

119-841 


gas 

. 163*174 

122-669 

„ , .. . yy 

mean 

. 164*583 

121-250 


Elements iii— 

' ..K. ' " 

* 

a 

S. 

H, 

0. 

■N. 

Bemarks. j 

Gaseous state . . 


25*142 

3*423 

*421 

60-582 

31*68.3 

'i 

Solid state . 

82-i6? 

7*521 

24*770 

•005 

50*068 

*053 

1st analysis; 

Total found 
Originally in 

82-167 

32*683 

28*193 

•426 

110-650 

31-786 


powder . 

82-863 

31*041 

29*441 

1*543 

lOS-674 

32-756 


Difference . 

-•696 

+ 1*622 

-1*248 

-1*117 i 

+ 1-976 I 

-1-020 



Oxygen in hyposulphite, 5 ’330 grms. 


Experiment 11. — 381*091 grms. E. L. G, density =*4 



Calculated solid 

Calculated gaseous 


products. 

products. 


Grms. 

Grms.. 

From, analysis of solids 

. 224-951 

156-140 

,, gas 

. 21 6-358 

164-753 

yy mean 

. 220*655 

160-436 


Elements ill—. 

K. ^ 

c. 

s. 

H. 

0. 

N, 

Remarks. ; 

Gaseous state . 


33*338 

2*793 

•451 

SO -520 

43*334 


Solid state . 

108-621 

9*400 

33*047 

*007 

69-500, 

■ -ISO 

Isfc analysis- 

Total found 

108-521 

42-738 

35*840 

•458 

150-020: 

■43-514 


; Originally in 
.powder . 

110-478 

41-386 

39*252 

2*058 

144-859 

4.3.-278 


■'Difference . 

.-1-957 

+ 1*352,'.! 

-3*412 

-1*600 

+ 5-161 

■■+•236.:: 



Oxygen ill hyposulphite, 13*379 grms. 
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Experiment 70.— 24:6'286 gnns. E. L. G., density = -5. 




Calculated solid 

Calculated gaseous 



products. 

products. 



Grms. 

Grms. , 

From analysis 

of solids 

. 143-997 

102-289 


gas 

. 141-824 

104-462 


mean 

. 142-910 

103-376 


Blements in— ■ 

K. 

0. 

S. 

H. 

0. 

N. 

Beinarks. 

Gaseous state * 


23*215 

1-637 

•373 

53*089 

25*162 


Solid state . 

70-862 

7*610 

22*013 

•oil 

42*133 

•281 


Total found 

70*862 ' 

30*825 

23-550 

-384 

95*222 

25-443 


Originally in 
powder . 

70*906 

30*535 

24-917 

1-278 

90*768 

27-873 


Difference . 

-•044 

+ •290 

-1-367 

-•894 

+ 4*454 

-2*430 



Oxygen in hyposulphite, 9*122 grms. 


Experiment 39. — 295‘483 grms. E. L. G., density = '6. 



Calculated solid 

Calculated gaseon.s 


products. 

products. 


Grms. 

Grms. 

From analysis of solids 

. 167-871 

127-612 

,, gas 

. 168-697 

126-786 

,, mean . 

. 168-284 

127-199 


Elements in— 

K. 

C. 

s. 

H. 

0. 

N. 

Kemarks. 

■Gaseous 'State 
.Solid state 4.' ■ . 

85*451 

27-734 

9-421 

1-856 

26-182 

-020 

•015 

65-477 

47-016 

31*812 

•199 

JV.B.-2nd 

analysis 

taken. 

Total found * 

86 -461 ' 

37-156 

28*038 

•835 

112-493 

32 -oil 


Originally in 
powder . 

85-070 

36-634 

29*894 

1-634 

108-131 J 

32-766 


Difference » 

+ *381 

+ *521 

*-1*856 1 

-1*199 I 

+ 4*362 

- -765 



Oxygen in hyposulphite, 2 '748 grms. 
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Experiment 96. — 295'488 grma E. L. G., density = '6. 

Calculated solid Calculated gaseous. 


l^rodticts. products, 

Crms. Gms* 

From analysis of solids . . . 169*403 126*085 

„ gas . . ■169*256 126*232 

„ mean . . 169*330 126*158 


Blemente .in— 

K. '' 

C, 

8. 

. H. 

o. 

K. 

Eemarka. 

Gaseous state * 


26*454 

4*938 

*511 

61*881 

32*574 


Solid state , * 

85*031 

9*694 

25-77X 

•012 

48*514 

•308, 

Slid aiiali'siis 

Total found 
Originally in 

85*031 

36*148 

30*709 

*523 

110*195 

32*882 ' 


powder . 

85*071 

36*635 

29*895 

1*534 

108*870 

33*260 


Difference * 

o 

o 

1 

-•487 

+ ‘814 

-1*011 

+ 1*325 

-*368 



Oxygen in hyposulphite, 2*940 grms. 


Experiment 41. — 344*736 grins. E. L. Cl., density =*7. 




Calculated solid 

Calculated gaseous 



products. 

prmiuets. 



Grms. 

Grms. 

From analysis 

of solids 

. 201*915 

142*821 


gas 

. 194*931 

149*805 

>3 

mean 

. 198*423 

146*313 


Elements in— 

K. 

C. 

s. 

H. 

0. 

N. 

Remarks, 

Gaseous state- . 


31*195 

3-745 

•642 

74-051 

36*681 


Solid state • « 

98*mi 

10*545 

30*085 

*013 

59*083 

*486 

2'nd analysis 

Total found ■ 

98*211 

41*740 

33-830 

-655 

133*134 

37-167 


Originally in 
powder * ♦ 

99 '249 

42*740 

34-877 

1-787 

126*987 ^ 

38-803 


Difference » ■ * ■ 

-1*038 

- 1*000 

-1-047 

-1*132 

+ 6-147 

-1*636 



Oxygen in hyposulphite, 9*300 grms* 
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Experiment 44.— 393'978 grins. E. L G., density = 8. 

Calculated solid Calculated gaseous 


products. products, 

Grms. . , Grms. 

From analysis of solids . . 221 ‘009 . 172*969 

gas. . . 261-376 162*602 

. „ mean . . 226-192 167-785 


Elemerits in-™* 

K. 

G. 

a 

H. 

,0. ; 

N. : 

Remarks. ' 

Gaseous state • 


36*S27 

2-3SS 

*452 : 

86-473' 

42*195 


Solid state . . 

111*655 

13*185 

39*264 

•021 , 

61*613; 

. *452 

2iid aualysis| 

Total found . ' 

111-655 

49-512 

41*602 ; 

•473 

148*086; 

.42-647 . 


Originally in 
powder . 

113-426 

'48-845 

I' 

39*859 

2-045 

145*103 

42-987 


Difference . 

-1*771 

+ -667 

+1-743 

-1-572 

+ 2*983 

-*340 



Oxygen in hyposulphite, 1-761 grm. 


Experiment 68. — 443-23 grins. E. L. G., density = -9. 



Calculated solid 
products. 

Calculated gaseoirs 
products. 


Grms. 

Grms. 

From analysis of solids 

. 257*858 

185-372 

» gas 

. 248*696 

194-534 

„ mean 

.. 253*277 

189-953 


Elements in— 

K. 

C. 

s. 

H. 

0. 

N. ' 

Remarks.. ; 

Gaseous 'state . 


40*551 

3*199 

•500 

97-626- 

48-077 


Solid state . 

126*402 

14*635 

40*142 

•031 ! 

71-412 

; *643 

: 

2nd analysis 

Total found 

126*402 

55*186: 

43-S41 ; 

*531 

169-038' 

48-720 


Originally in 
powder . 

127*606 

54*952 

44*842; 

2*300 

163*233 

49-735 


Difference . 

-1*204 

+ *234 

-1*501 

- 1-769 

+ 5*805: 

-1*015 



' Oxygen in hyposulphite, 5 *490 grms. 
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Experiment 16. — 102-'771 grms. E. G-., density = lO. 

Calcuktadi .gaseoas 
products. 

6ms.; ' ' 

47’009 . 
41-038. 

. 44*022 ■ 


Elements la— 

K. 

» 

C. 

s. 

H. 

0. 

N. 

1 

Remarks, i 

Gaseous state • 


9*436 

0*928 

T64 

21-784 

11 •710 


Solid state . 

30*905 

2*524 

7-721 

•003 

18*028 

•068 


Total found 

30*905 

11-960 

8-149 

T67 

39-812 

11-778 


Originally in 
powder , 

29*331 

11-675 

10-380 

•668 

39-795 

11-927 


Difference . 

+ 1*574 

+ •285 

-2*231 

-•501 

+ *017 

- *149 ; 



Oxygen in hyposulphite, S*518 grais. 


Calculated solid 
products. 


From analjsiiS of solids 


gas 

mean 


Grms. 

55-762 

61-736 

58-749 


Experiment 17. — 205-542 grms. E, G., density = 2. 


Calculated solid Calculated gaseous 
products. products. 

Grms. Grms. 

From analysis of solids . . 116*719 88*823 

„ gas . . . 122*390 83*152 

,, mean . . 119*544 85*987 


Elements in — 

K. 

C. 

a 

' 

H. 

O. 

K. 

Remarks. 

Gaseous state . 


17-770 

2-977 

*393 

42*430 

22-417 


Solid state . 

60*080 

6*202 

16*091 

*015 

37-099 

*068 


Total found 

60*080 

23-972 

19-068 

•408 

79-527 

22*485. 


OriginaEy.in 
powder . 

58*662 

23-349 

20-760 

1-336 

79-281 

23*055:1 

. : , .,| 


Difference . 

+ 1-413 

+ *623 

-1*692 

- *928 

+ -246' 1 

-■570 



Oxygen in hyposulphite, 1*597 griiQ. 

: T 


I 

I 

I 






Gaseous state . 
Solid state . 


27*055 2*579 *419 65*764 32*883 

1*076 7*219 26*863 *002 56*388 . *072 


Total found 
Originally in 
1 powder . 


89*076 34*274 29*442 *421 122*152 32*955 

89*994 35*025 31*140 2*004 118*750 33*088 


Difference . 


•918 -*751 -1*698 -1*583 +3*402 .-*133 


Oxygen in hyposulphite, 12*484 grms. 


Experiment 19. — 411*085 grms. F. G-., density =*4 


Calculated solid Calculated gaseous 
X^roduots. products. 


From analysis of solids 


. 237-880 173-210 

. 240-970 170-116 

. 239-430 171-660 


0. N, Kemarks. 



Oxygen in hyposulphite, 17*262 grms. 
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Experiment 75. — ^246-286 grms. E. G., density = -5. 

■ CJalculated solid Calcalafced gaseous 


put^aots. , prodiicte. 

■ - Grms , Gnus . 

From analysis of solids . . 141’760 104'526 

„ gas . . 144-474 101-812 

„ mean . . 143-117 103-169 


..Elements ,iu— 

, ; K, ^ ' 

" Q. ■' 

s. 

. ■ H. : ■ 

. o. 

' N.: 

llemarks. 

.Gaseous state .. 


21-626 

2*049 

"334 

52-261 

26*999 . 


Solid state.., ' . 

70-%3 

7-000 

21*291 

*009 

,43*768 

. *085 . 


Total found 

70-963 

28-626 

23*340 

•343 

96*029 

.27*084 


Onginally. in 
powder . .» 

70-290 

27-978 

24*876 

1-601 

94*80.5 

26*849 


DiiFerence .. 

+ •673 

+ '6.48 , 

- 1*535 

- 1*258 

+ 1*224 ' 

+>235: 



Oxygen in hyposulphite, 4-840 grms. 


Experiment 40.— 295-488 grma F. G., density = -6. 

’ Calculated solid Calculated gaseous 


products., ' products. 

Onus. firms.. 

From analysis of solids . . 170-268 125-220 

„ gas . , 172-609 122-979 

„ mean . . 171-388 124-099 


Elements, in— 

K.. 

C. 

S., 

H . 

o. 


■,B.emarks. 

Gaseous state , . 


25*770 

2*511 

•368 

63*097 

32*353 


Solid, state . , . 

84*762 

6*281 

26*233 

*002 

■ 53*973 

•137 


Total fou.nd , „ 

84-762 

32-051 

28-744 

•370 

117-070 

32*490 


'Originally In 
powder 

84-332 

33-567 

29-844 

1-921 

113-765 

32-1Q6 


Difference . 

+ *430 

-1*516 

- 1*100 

- 1*551 

+ 3*305 

+ *384 



Oxygen in hyposulphite, 13*786 grms. 
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Experiment 42.— 344-738 grms. F. G., density = -7. 

Calculated solid Calculated gaseous 


products. products. 

Grms. ■ Grms. 

From analysis of solids . . 200*191 144*547 

„ gas . . 200-220 144-620 

mean . . 200-210 144-633 


Elements in— 

K. 

0. 

S. 

H. 

0. 

r 

N. 

Bemarlcs. 

Gaseous state , 


29*628 

2*614 

•413 

73-372 

38*503 


Solid state . 

98*ko 

7-474 

30*631 

•112 

63-417 

•185 


Total found 

98*540 

37-102 

33*145 

•525 ■ 

136-789 

38-638 


Originally in 
powder . * 

98*888 

39-162 

34*819 

2*241 

132-644 

37-357 


Difference # 

+ T52 

-2*060 

-1-674 

-1*716 

+ 4*145 

+ 1-281 



Oxygen in hyposulphite, 16-182 grms. 


Experiment 47. — 393-987 grms. F. G., density =-8. 

Calculated solid Calculated gaseous 


products. products. 

Grms. Grms. 

From analysis of solids . . 231*652 162*335 

„ gas . . 229-392 164-695 

„ mean . . 230-622 163-465 


Elements in— 

K. 

C. 

s. 

H, 

0. 

N.’ 

Kemarks. 

Gaseous state . 


33-138 

3-800 

-492 

81*851 

44*184 


Solid state . 

111*893 

8-830 

36-136 

-008 

73*363 

-292 


Total found • ' 
Originally in 

111-893 

41-968 

39-936 

•500 

155*214 

44-476 


powder . 

112*444 

44-757 

39-793 

2-561 

151*572' 

42-614 


Difference . 

- -551 

-2-789 

+ •143 

-2*061 

+ 3*642 

+ 1-862 



Oxygen in hyposulphite, 20-106 grms. 
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Experiment 69.— 443-230 grms. P. G., density = -90. 

. Calculated solid Calculated gaseous 


products., products. 

Orms, Grms. 

From analysis of solids . . 255'2o6 187*974 

,, gas . * 257*131 186*099 

mean . . 256*193 ' ' 187*037 


Blemeiifcs in— 

B 

0. 

S. 


0.' 

N., 

Eemarks. 

Gaseous state . 

im 

38-027 

4-875 

*545 

94*624 

48*966 


Solid state. 

127*001 

11-372 

38-012 

*006 

79*476 

■327 


Total found 
Originally In 

127-001 

49*399 

42-887 

*551 

174*100 

49-293 


powder . 

126*495 

50*350 

44-765 

2*881 

170*498 

47-878 


Difference . 

+ •506 

~*951 j 

-1*878 1 

-2*330 

+ 3*602 

+ 1*415 



Oxygen in hyposulphite, 16*702 grms. 


Experiment '78.— 344*738 grms. E. F. G., density =*7.' 



Calculated solid 
products. 

Calculated gaseous 
products. 


Grms. 

Grms. 

From analysis of solids 

. 202*222 

142-516 

„ gas 

. 200*960 

143-780 

mean 

. 201*591 

143-148 


, Elements ia-— 

K. 

C. 

s. . 

H. 

. o. 

H. 

■Kamarks. ' 

Gaseous state . 


29*469 

2*048 

•346 

72*664 

38*621 


Solid state. 

99*765 

10*360 

29*551 

•008 

61*834 

. *073 


Total found 

99-765 

39*829 ; 

31*599 

*354 

134-498 

38*694 


Originally in 
powder ■ | 

100-077 

36*784 1 

34*336 

2*103 

134-747 

36*323; 


Difference . . , ■ 

-*312 ; 

+ 3*045 ' 

-.2-737 

-1-749 

■ - *250 

+2*371, 1 



Oxygen in hyposulphite, 4*140 grms. 
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Experiment 79.— 344*738 grms. Spanish, density 

= ■ 1 . 


Calculated solid < 

:3alculated gaseous 


products. 

products. 


Grms. 

Grms. 

From analysis of solids 

. 214-917 

129-821 

,, gas / 

. 213-876 

130-863 

mean 

. 214-396 

130-342 


Eleraeuts ia— 

K. 

C. 

S. 

H. 

O. 

r 

N. 

Eemarks. 

Gaseous state . 


24*953 

3*140 

*288 

64*032 

37-930 


Solid state. . 

100*418 

6*645 

38*338 

-0&7 

68-768 

•330 


, 

Total found 

100*418 

81*498 

41*478 

•295 

132-790 

38*260 


Originally in 
powder . 

100*663 

29*820 

42*989 

1*551 

131-606 

36*461 


Difference . 

- ‘245 

+ 1*678 

-1*511 

-1*256 

+ 1*284 

+ 1*799 



Oxygen in hyposulphite, 4*106 grras. 


Experiment 196.— 301*315 
density = *3. 


From analysis of solids 
„ gas 

,, mean 


grins. Curtis and 

Calculated solid 
products. 

Grms. 

/ 168*827 
. . 180*818 
. 174*823 


Harvey's No. 6, 

Calculated gaseous 
products, 

Grms. 

128-963 

116-972 

122-967 


Elements in— 

K. 

G. 

s. 

H. 

0. 

N. 

Remarks. 

G^eous state , 


25*389 

2-387 

-725 

60*639 

33-877 


Solid state . 

90-017 

8*918 

24*324 

•013 

51*435 

*116 


Total found 
Originally in 

90-017 

34*307 

26-661 

-738 

112-074 

.33*993 


powder . 

86-929 

32*120 

31-427 

1-667 

113-687 

31 •156 


Difference . 

+ 3*088 

+ 2-187 

-4-766 

- *829 

-1*613 

+ 2-837 



Oxygen in hyposulphite, 1-781 grm. 
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Experiment 194. — 301 ‘315 grms. mining powder, density =’3. 

CalcHlatei! solid Calcalated .gaseous 


praducts. products. 

Grms. Grms,„. 

From analysis of solids . . 142-743 163-921 

„ gas , . 143-895 152-569 

„ mean . . 143-319 153-146 


Elemeats in— 

K. 

0 . 

S. 

H. 

0 . 


Bemurks. 

Gaseous state . . 


39*601 

10*909 

1-714 

75-830 

25-591 


Solid state * % 



35*901 

•205 

23*488 

1-328 


Total found 

70-596 

61*402 

46*810 

1*919 

98*818 

26*919 ■ 


Originally in 
powder . 

72-014 


45*378 

1*989 

95*336 

25*943' 


Dilference . 

,-1*418 

-2*624 

+ 1*432 


+ 3*482 ' 

+ •976 



Oxygen in hyposulphite, 2-062 grms. 


Absteaot of Expeeiments 

In this abstract the following abbreviations are used : — 

§, to represent the mean density of the products of explosion ; A, 
the area of the piston of the crusher-gauge ; a, the sectional area of 
the copper cylinder. 

Experiment 96. — 4560 grs. (295-49 grms.) E. L. G-. ; this experi- 
ment is No. 39 repeated. On opening cylinder, appearances as usual 
— colour of fracture, a dark bluish grey; surface not smooth but 
wavy; tears remained adhering to the side, and the usual sooty 
deposit observed. 

A. a. Crasli. Pressure. 

-57 -0833 -0417 -134 14-32 tons per square inch. 

Experiment 121. — Fired 5960 grs. (386-21 grms.) E. L. G. in 
large cylinder. Density -4. 

On opening, appearances much as usual. Fracture, slaty grey 
with yellowish portions. Divided deposit into two portions, top and 
bottom. Bottom decidedly more yellow than the top. Divided 
again top and bottom portions into two parts, one bottled and sealed 
with as little exposure to the air as possible, the other ground and 
freely exposed to the air for 48 houra 

The ground portion heated but slightly, the bottom portion show- 















ing tMs tsnclsiicy in the highest degree^ bnt the heating was on the 
. whole ■ very abnorinally low. ' . , 

During exposure the colour of the ground deposit became eon- 
siderably lighter. ' 

Experiment 122.— Fired 5960 grs. (386*21 grms.) pebble in large 
cylinder. •, Density *4. 

On opening the cylinder, observed that the deposit was lighter in 
colour than in the case of the R L. G. The fracture was also 
different, being lighter, and having several isolated portions yellow or 
greenish yellow. ^ 

Divided, as in last experiment, the deposit into top and bottom, 
a portion of each being bottled with as little exposure as possible, 
and a portion of each being finely ground and exposed to the 
atmosphere for about 48 hours. 

The bottom part of the deposit was lighter and yellower than the 
top portion. 

The top ground deposit began to heat when placed on the paper, 
the deposit on the apex and in the interior, where the greatest heat 
prevailed, changing rapidly to a light sulphury yellow with a tinge 
of green. 

It attained its greatest heat in about 10 minutes, and in about 15 
minutes later was not hot to the hand. 

The bottom ground portion exhibited the tendency to heat in a 
much higher degree than the top portion, commencing to heat 
immediately ; the colour of the residue darkening, while an orange 
coloured deposit formed on the surface. 

During the exhibition of heat, the ground residue smoked con- 
siderably, the orange colour on the surface was doubtless due to this 
vapour. 

The smell was very peculiar, SHg was quite perceptible, but was 
not the dominant odour. 

The maximum temperature occurred at about twenty minutes after 
exposuic, and a thermometer placed in the centre showed a tempera- 
ture of over 600° Fahr. (310°*6 Gent.). The temperature might 
have been somewhat higher, as the thermometer had to be withdrawn 
for fear of fracture. 

The paper was burned through on which the deposit was placed. 
After half an hour the deposit began to cool rapidly. 

It is to be noticed that the heat appears to play an important 
part in the .changes which take place, as it was observed that the 
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residue, at the base of tlie cone , remained unchanged; in; appearance, 
.although more exposed to the action of the air than other portions. 

It may also be noted that after the residue has gone through this 
heating process, the physical characteristics are considerably changed 
When taken out of ' the ^exploding-vessel the residue is always 
difficult to pound in the mortar, being somewhat unctuous or greasy 
to the .touch, hut after the .development of the heating phase it 
becomes crisp and powdery. 


Dderminations of heat aisorhed by calorimeter. Temperature 
• of room, 

Experiment 129. Fahr, 

Temperature of calorimeter . . . , . 

„ 30,000 grs. water . . . , 79“-0 

Water poured into calorimeter. 

After 1 minute, temperature 78' *24 

„ 2 „ „ ...... 78^-22 

„ 4 „ „ . . , . , . . 78^-10 

,, 6 „ „ . . 7B“-00 

Hence loss of heat 0''*76 Fahr. in one minute. 


Experiment 130. 

Temperature of calorimeter 
„ water 

After 1 minute, temperature 
2 

39 »> 99 

99 ^ 99 9 ) 

99 1 99 99 

99 ^ 99 99 

Hence loss of heat O' 


'8 Fahr. in one minute. 


Experiment 131. 

Temperature of calorimeter 
„ water 

After 1 minute, temperature 

99 ^ 99 99 

99 5 99 ' 99 

Loss of heat O'"’! Fahr. in one minute. 

'.Experiment 132. 

^ Temperature of calorimeter . . 

water . , ' , 

After 1 minute, .temperature . 

99 ^ 99 , 99 . ■ - , . . 

Loss'of heat 0°*4 Fahr, in one minute. 


Fahr. 

60‘’-2 

77“'6 

76°-8' 

76^*7 

76°*62 

76°'6 

76^-5 


Fabr, 

6 r -08 

7r-4 

7r-o 

7r-o 

70‘‘-95 


Fahr. 

62'-l 
70°-8 
70° -4 
70°-4 
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Experiment 133. 

Temperature of calorimeter . . . \ • ■ 

30,000 grs. water . 

Water poured into calorimeter. 

After 1 miimte, temperature . 

s» 2 „ „ . ■ . • . 

Loss of heat ft’ *35 Falir. in one minute. 


Falir. 

62‘’*6 

70‘’*6 

70°*25 

70°*2 


Experiment 134. 

Temperature of calorimeter 
„ water . 

After 1 minute, temperature . 

3 ? ^ >3 3 > 

Loss of heat ft’*2 Fahr. in one minute. 


Fahr. 

63° -45 
70°-2 
70°-0 
70°-0 


Experiment 135. 

Temperature of calorimeter 
„ water 

After 1 minute, temperature 


Fahr. 

64"*05 
70° *0 
69°*82 
69°*8 


Hence loss of heat 0°*18 Fahr. in one minute. 


From the above and similar experiments the following table of 
loss of heat (the difference of temperature between water and 
original state of calorimeter being taken as argument) was arranged. 


Difference of 
temperature. 

Fahr. 

r 2° 

4° 

6° 

8 ° 

10 ° 

12 ° 

14° 

16° 

18° 
20 ° 
22 ° 
24° 
26° 
27° ■■ 
28° 
L29° 


Loss of 
heat. 

Fahr. 

0°*08 

0°*16 


24 

32 

40 

48 

-56 

•64 

•72 

*80 

*88 

*96 

•04 


Loss of 
heat. 

Fahr. 

0°-13’ 

0°-26 

0°-39 


•62 

■66 

•78 

•91 

•04 

•18 

•31 

•44 

•67 

•70 

•77 

•83 


a 

“I 


§8 


l°-90j 


For 30,000 grs. water.} 
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Eo^eriments fen' the determination, of the specific heats of the vessels 
used, for determining the heat generated, iy explosion. 

In all eases the vessel was boiled, and then kept for five minutes 
suspended in the escaping steam; it was then transferred to the 
calorimeter containing 30,000 grs. of distilled water. 

Experiment 141. — ^Weight of vessel, 21,311‘6 grs. (1381‘0 grma). 

, Falir. 

■ Temperature of air , . ♦ . . ' . * §8®*8 

■ 5 , steam 21 F*65. 

,, calorimeter before immersion of 

vessel . . . ■ ■ • . * §8® *88 

,, calorimeter after thermometer be- 
came stationary . . . , 70® *08 

Loss of heat in vessel . 2ir*65 - 70®*08 + 0^'*2 -14r-77 

Gain of heat in "water . , . 11®*2 4-0®*44= 1F*64 

Hence specific heat of vessel = *1156. 


Experiment 142. — The same vessel 

Temperature of air . . . . . 

steam . 

„ calorimeter before experiment 

Loss of heat in vessel . 21F*65 - 73°*20 + 

Gain of heat in water . . , 10®*99 + 0°*44= 1F*43 

Hence specific heat of vessel = *1158. 


Fahr. 

59“*0 

2iF*65 

62®*21 

73°*20 

138®-65 


Experiment 143. — ^The same vessel. 

Temperature of air 60® *20 

steam . ... . . 2ir*20 

calorimeter before experiment . 6F’ll 
„ ,, after „ . . 72®*20 

Loss of heat in vessel . 212®*20 - 72®*20-i- 0®*20 = 140®*20 

Gain of heat ill water ' . ■ . ", lF*09 + 0°*44“ 1F*53 

Hence specific heat of vessel =5 *1155. 


Experiment 144.— The same vessel. 

Temperature of air . . ' . . ' . 

: sy steam . ' . 

,, calorimeter before experiment 

after 


Falix. 
60®*20 
. 212®*10 
. ■ 

„ . 75®*95 

Loss of heat in vessel ♦ 212®*20-75®*954- 0°‘2 =136®*45 

Gain of heat in water . . . 10®*85 + 0° ’44=i! 1F *29 

Hence specific heat of vessel == ‘1163. 

Hence mean specific heat of vessel from four experiments = T 158* 
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Experiment 167.— Weight of vessel, 52,931*6 grs. (3430 grms.). 

. 'Palir. ■ 
60°*0 

,55“‘75 
8 ^* 52 , 
- 126"-82 
30“-63 


Temperature of air . " . ■■ , 

,, steam . . . . • 

calorimeter before experiment 
after • 

Loss of beat in vessel • 21 FT 4 - 84®*52 + 0^*2 

Gain of heat in water (25,000 grs.) 28°*77 -f F*86 = 
Hence specific heat of vessel = T 140. 


Experiment 168. — The same vessel. 

Temperature of air . . . . • * • 

„ steam . . . • • 

,, calorimeter before experiment 

, ' , after ,, • • 

Loss of heat in vessel . 211®T4 84''T0 + 0° ‘2 

Gain of heat in water . . . 28°*60 + 1'"*85 

Hence specific heat of vessel — T 132. 


Falir. 
62"*0 
2irT4 
55°-48 
84"T0 
==127°*24 
^ 30"T0 


Experiment 169.— The same vessel. 

Temperature of air . , . . . . . 62°*0 

„ steam . . . . . . 21FT4 

„ calorimeter before experiment . 55*°55 

„ „ after „ . . 84°*30 

Loss of heat in vessel . 2irT4~84°*30 + 0“-2 =127“*04 

Gain of heat in water . . . 28°*75 -f F*86 = 30®*61 

Hence specific heat of vessel = T 138. 

Hence mean specific heat of vessel from three experiments = T 137. 


Determination of heat evolved hy the various powders, 
A. — Small explosion-vessel. 

Weight of water, 30,000 grs. , equivalent in water 

„ explosion-vessel, 21,31 1*6 grs. „ « 

„ powder products . , . „ „ 


Grs. 

30,000*0 

2,465*8 

'28*5 


Equivalent in w^ater, of contents of calorimeter . . . 32,494*3 

When 200 grs. of powder used, the equivalent in water of 

the contents of the calorimeter is . . . . . 32,503*8 

Experiment 146, — ^Exploded 150 grs, Curtis and Harvey’s No. 6. 


Temperature of calorimeter before explosion , 
w after „ . 

Hence difference , . , . . 6°*28 + 0°’24- 

Hence heat evolved = 784*0 grm.-units Cent. 


Fahr. 

6r*50 
67°*78 
= 6° 52 
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Experiinenfe 147. — ^Exploded 150 grs. Spanish. 

'Falir. 

' Temperature of ealorimeter before explosion . . 65® TO 

after ■ . . 7r*20- 

; Hence difference . " • ■■■. . 'T..- 6®T04*0°’24“ 6“*3I: 

Hence beat evolved = 762*5 grm.-uiiits Cent. 

Experiment 148. — -Expioded 150 grs. E. L. Gr. 

Falir. 

Temperatnre of calorimeter before explosion . . 56°*2S 

,, after . . 62’*07 ■ 

Hence difference * . . 5®*70-f 0®*24= 6®*03 

Hence beat evolved = 725*1 grm.-nnits Cent. 

Experiment 149. — ^Exploded 150 grs. pebble. 

Falir. 

Temperature of calorimeter before explosion . . 60° *42 

„ after ,, . . 66°*10 

Hence difference 5°*68 + 0®*24 = 5®*92 

Hence beat evolved = 71 T9 grm.-nnits Cent. 

Experiment 150. — ^Exploded 150 grs. F. G. 

Falir. 

Temperature of calorimeter before explosion . . 65°*16 

,, ,, after . ,, . . 70®-80 

Hence difference . . , , 5“*64 + 0^*23= 5®*87 

Hence beat evolved = 706*45 grm.-imits Cent. 

Experiiiieiit 153, — ^With 200 grs. pebble. 

Failure ; the plug being spoiled by the explosion. 

Experiment 154. — ^Exploded 150 grs. F. G. 

Falir. 

Temperature of calorimeter before explosion . ■ . 49® *5 5' 

„ after „ ♦ , 55' *45 

Hence difference ... , . . 59°*0 + 0°*24= ' 6®>14 

Hence beat evolved = 738*9 grm.-nnits Cent. 

Experiment 155. — Exploded 150 grs. E. L. G. 

Falir. 

Temperature of calorimeter before explosion , . ' 86®*0i> 

gy after „ , . , ■ 9F*73‘ 

Hence. difference , , . . .,5®*73 4'0°*24= 5®*9T 

Hencebeat evolved = 718*4 grm.-nnits Cent. 
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Experiment 156,^ — ^Exploded 150 grs. pebble. 

Temperature of calorimeter before explosion , . 56°“G7 

„ after . . 6F*95 

: Hence: dilFerence ■ . : . .. ■ ' * ,■ . 5*°87 + 0'°*23=, 6°*10 

Hence beat evolved 734*1 grm.-units Cent. 

Experiment 157.— Exploded 150 grs. Spanish. 

Fabr. 

Temperature of calorimeter before explosion . . 56°*90 

« after „ . . 63° *06 

Hence difference . , . . . 6°*16 + 0°*25= 6°*41 

Hence heat evolved = 77T4 grm.-umts Cent. 

Experiment 158. — ^Exploded 150 grs. Curtis and Harvey's No. 6. 

Fabr. 

’ Temperature of calorimeter before explosion , . 57° *92 

after „ . . 63°*87 

Hence difference . . . . . 5°*954*0°*24= 6°*19 

Hence heat evolved = 744*9 grm.-units Cent. 

Experiment 159.— Exploded 150 grs. mining. 

Fabr. 

Temperature of calorimeter before explosion . . 58° *50 

„ after „ . . 62°*54 

Hence difference . . . . , 4°*04 + 0°*16= 4°*02 

Hence heat evolved = 505*5 grm.-units Cent. 

Experiment 160. — ^Exploded 150 grs. E. L. G. 

Fabi’. 

Temperature of calorimeter before explosion . . 6 2° *42 

„ „ after , . 68'’*06 

Hence difference . . . . . 5°*64 + 0°*24 = 5°*88 

Hence heat evolved- 707*5 grm.-units Cent. 

Experiment 161, — ^Exploded 150 grs. pebble. 

Fabr. 

Temperatoe of calorimeter before explosion , . 49°*05 

after „ . . 5r-59 

Hence difference . . . . . 5''54 + 0°-23= 5°-77 

Hence heat evolved = 694‘4 grm.-units Cent. 

Experiment 162.— Exploded 150 grs. mining. 

' 'Fabr. 

Temperature of calorimeter before explosion , . 56°*80 

« w after „ . . 6G°*82 

' Hence difference . . . . • ...... . 4°*02,+ 0°*20 =: ' ■4°*22 

Hence heat evolved = 507*9 grm.-units Cent, 
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Experiment 163.— Exploded 150 gra Ourtis and Harvey’s No. 6. 

„ 'Fate, , 

Temperature of calorimeter 'before- explosion • , , 52®*80 ' ' 

. ' 5 ^ . after ,, . , . 58°‘S5' 

.Hence diierence . . . 5‘'-85 + 0''*24~'' 6°'09 

Hence beat evolved = 732*9 grm.-nmts Cent. 

Experiment 164. — ^Exploded 150 grs. F. G. 

' Pate. 

Temperature of calorimeter before explosion . . 

5? :■ after ,, , 6^*26 

- Hence difference , , • . . . 5°-84-f0°*24'= 6®*08 - 

Hence heat evolved = 73T7 grm.-nnits Cent. 

Experiment 165. — ^Exploded 150 grs. Spanish. 

Fabr. 

Temperature of calorimeter before explosion , . 55“*70 

,, after ,, , . 6r-72 

Hence difference .... . 6®-02 + 0"*24= 6^*26 

Hence heat evolved = 753’4 grra.-units Cent. 

Experiment 166. — ^Exploded 150 grs. pebble. 

Palir, 

Temperature of calorimeter before explosion , . 6F*12 

,, ,, after ,, . . 66'*80 

Hence difference , . . . , 6'’*68 + 0''‘22 = 5®*90 

Hence heat evolved = 710*0 grm.-miits Cent. 

Experiment 151. — Exploded 200 grs. mining. 

Pabr. 

Temperature of calorimeter before explosion . . 60“ *38 

„ after ,, . . 65'’*87 

Hence difference 5°*49 + 0°*22= 5“*71 

Hence heat evolved = 512*7 grm.-units Cent. 

Experiment 152, — ^Exploded 200 grs. Curtis and Harvey^s Fo. 6. 

Pabr. 

Temperature of calorimeter before explosion , . 64“*95 

,, after „ , . 73“*0-0 

Hence difference 8°*05 + 0“*32= 8“ *37 

Hence heat evolved = 755*7 grm.-units Cent. 

B. — Large explosion-vessel. 

■Grs. ■' 

Weight of water^, 25,000 grs, . . ' equivalent in water 25,000*0 

"explosion-vessel, 52,931*6 grs. . , ,, „ 

: ' powder products, 400 grs. . , „ 5 ^ ' 76*0 

Equivalentin water, of contents of calorimeter . 31,094*3 
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Experiment 171.— Exploded 400 grs. pebble. 

: Fahr. 

Temperature of calorimeter before explosion . . 

jy yy after ,, . V 69°‘43 

/Hence difference ■ . , . . F'24 = 16°*29 

Hence beat evolved == 70S*41 grm.-miits Cent. 

Experiment 172.— Exploded 400 grs. E. L. Gr. 

„ Falir.. 

Temperatore of calorimeter before explosion . • 57® '08 

. „ ' . „ after , ■ . ■ . 72®*44 

Hence difference . . • . 15®'36 + r*26=!l6®*62 

Hence beat evolved = 7 17'7 grm.-ubits Cent. 

Experiment 173. — ^Exploded 400 grs. E. L. Gr. 

’ Falir. 

Temperature of calorimeter before explosion . . 57®*22 

„ „ after ■ ,, . . . 72°'74 

Hence difference . . > . 15®'52 + r-26 = 16®'78 

Hence beat evolved = 724'7 grm.-units Cent. 

Experiineiit 174. — ^Ex];)loded 400 grs. pebble. 

Falir. 

Temperature of calorimeter before explosion . . 57® TS 

„ „ after , . 72®'42 

Hence difference .... 15°*29 + 1®*26 = 16®*55 

Hence beat evolved = 714*7 grm. -units Cent. 

Experiment 175. — Exploded 400 grs. pebble. 

Fahr. 

Temperature of calorimeter before explosion . . 56° '40 

„ after „ . . 72°-00 

Hence difference . , . . . 15°-6 + l°-27 = 16°-87 

Hence heat evolved = 728’5 grm.-units Cent. 

Experiment 176. — ^Exploded 400 grs. E. L. Q. 

Falir.,, 

Temperature of calorimeter before explosion . . 67° T 2 

,, ■■ . after ,, . .. 82®-38 

Hence difference ' - . . . ' ' ■ 15®‘26 + 1®'26 == 16®*52 

Hence beat evolved = 713*4 grm.-units Cent. 

Experiment 177.— Exploded 400 grs. mining. 

' Falir.'' 

Temperature of calorimeter before explosion . . 63°-27 

« „ after „ . . 64°T3 

Hence difference . . . . 10°'86 +0°-71 = 11°‘57 

Hence heat evolved = 499 -eS grm.-units Cent. 
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Experiment 178— Exploded 4Q0 grs. mming. 

Falir. 

'■ Temperatiire of calorimeter before explosion . . 57 "‘25 

. : , , , , , ^after '■ . ' V , 6S"‘27 

Hence difference , . , . ■. lF*02, + 0^‘72 = H'‘74 

Hence heat' evolved == 507'0 grm.-iiiiits Gent 

Expeiiineiit 179.— Exploded 400'.grB.. milling. 

Fahr. 

Temperature of calorimeter before explosion .■ . 

. „ ' after , , , 7G'*03 

Hence diference , . , . , . "■1F*304'0'’‘74 = 12’'*04 

/ ^ Hence evolved = 520*0 grm.-tinits Cent. , 

Experiment 181.— Exploded 400. grs. Spanish. , 

■ Falir. 

Temperature of calorimeter before explosion., ■ . ■; ■ , 5F*62 

' , ■ after . GT°'76 

Hence difference . . ■ 16'*14 4- r"*32 = 17'*4S 

, Hence heat evolved = 754*0 grm.-imits Cent. 

Experiment 182. — Exploded 400 grs. Sxianish. ' 

Falir. 

Temperature of calorimeter before explosion . G6°‘90 

; ^ , .after ' . ,, . , BS°'2l 

Hence, difference, , F,*3;l=== 

..Hence heat evolved = 761*8 grm.-units Cent 

Experiment 183.— Exj)loded 400 grs. special mining. 

Falir. ■ ' 

Temperature, of calorimeter - before' explosion . . , ■ . ' 5 2 '"*7 2 ,. 

,5, :, . , « ' .. .after / ■ . .« , • / . - , 63"‘58 

Hence difference . ' . ■. ' ■ lO'"" *86 + O'"" *71 =. IF' '57. 

He.iice. heat evolved = 499*65 grm'.-units Cent., ■. . 

Expeririieiit 184. —Exploded 400 ^ grs. Spanis'li. ' 

Falir. 

Temperature of calorimeter before explosion, / ' . 58'"*52 

„ 35. after-. .3, ' ■ * 75"*03 

.Hence difference . . .- . + F*35 = 17'"‘86 

Hence heat evolved = 771*3 grm.-miits - Cent ■, 

Experirneiit 185. — Exploded 400 grs. Oiu’tis and' Harvey's^ Ifo. 6v 

,-"Fali,r. -'. 

Temperature of calorimeter before explosion * ■ . , 4 .53®*I9 ... 

33 „ , „ 3. after,. 69^*26 

: Hence difference . • . , . . . ' . . 16“*07 + F*31 = 17"*38' • 

. . Hence li eat evolved = 750*6 .grm.-iiii!t.s Cent . 

", -F v^.' 
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Experiment 186.— Exploded 400 grs. Curtis and Harvey’s No. 6. 

■"'Fabr. 

Temperattire of calorimeter before explosion . . 55®*80 

. „ „ after „ - . 72“-19 • 

Hence difference . ... . 16°*39'+ F*33 = 17''*72 

Hence beat evolved = 765*3 grm.-niiits Cent. 

Experiment 187.^ — ^Exploded 400 grs. Curtis and Harve/s KTo. 6. 

Falir. 

Temperature of calorimeter before explosion . . 53°*48 

„ after „ . . 69‘"*58 

Hence difference . . . . 16°-10 + r-32 = 17°-42 

Hence heat evolved = 752-3 grm.-units Cent. 

Experiment 189. — ^Exploded 400 grs. E. G-. 

Fabr. 

Temperature of calorimeter before explosion . . 55"‘61 

„ after . . 71°*26 

Hence difference .... 15“*65 + r*28 = 16°*93 

Hence heat evolved = 73 T1 grm.-units Cent. 

Experiment 191. — Exploded 400 grs. E. Gr. 

Fabr. 

Temperature of calorimeter before explosion . . 53°*04 

,, „ after „ . . 68° *49 

Hence difference .... 15°*45 + 1°*27 = 16°*72 

Hence beat evolved = 722*1 grm.-units Cent. 

Experiment 192. — ^Exploded 400 grs. F. G. 

Fabr. 

Temperature of calorimeter before explosion , , 53°*95 

after „ . . 69°*59 

Hence diffei*ence .... 15°*64 + 1°*28 == 16°*92 

Hence heat evolved = 730*7 grm.-units Cent. 

Experiment 193.— Fired 5960 grs. = 386*2 grms. mining powder 
in cylinder FTo. 6, containing 14,900 grs. 

' Temperature, of gas = 55°*5 Fabr. = 13°*1 Cent. Bar. 30*025 = 762*35 mm. 
Amoimtofgas =27''*94-8'''*35 = 19"*59. 

== 444*8 X 19*59 + 18 cub. inches. 

= 8731*63 cub. inches. 

= 143,076*49 C.C. at 13°*1 Cent., and 762*35 mm. 

= 143,518*9 c.c. at 13°*1 Cent., and 760 mm. 
==136,944*2 e.c. at 0° Cent., and 760 mm. 
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Ixperiment. 194— Fired 4650 gra. (301'3 grms.) iiiimng powder 
ill cylinder containing 15,500 grs, 

; In letting the gas escape, found for the first time that the gas 
lighted, giying rise to an intensely: suffocating small of sulphurous 
acid, showing, as was indeed otherwise apparent, that sulphydrie acid 
was; present in large quantities.; Sealed up gases for examination. 

Did not take out the deposit as usual, but after the gases had 
escaped, filled the cylinder,, by displacement, with distilled water, 
entirely freed from air by long ' boiling. 

On the water touching the deposit, it decrepitated with consider- 
able sharpness. When the cylinder was .full it was entirely seakri, , 
and reopened after an interval of about forty-eight hours. The solution 
was then decanted into bottles, freed from oxygen, and sealed for 
examination. 

A, e. Crasli. Pressure. 

•30 *0833 *0417 *015 5*04 tons per square inch. 

Experiment 195. — Fired 5960 grs. = 386*2 grins. Curtis and 
Harvey’s No. 6, in cylinder No. 6. 

Temperature of gas = 60®*8 Fabr. = 16'’*0 Cent. Bar. 30'''*430 = 772*9. 

Amount of gas = 444*8 x 13*10 + 18 cub. inches. 

= 5,844*88 cub. inches. 

-95,774*2 c.c. at 772*9 and 16"*0 Cent. 

- 97,399*8 c.c. at Cent, at 760 mm. 

- 92,004*6 c.c, at 0° Cent., and 760 mm. 

- 238*23 vols. 

Experiment 196.— Fired 4650 grs.. = 301*3 g,rms. Curtis and 
Harvey’s No. 6, in cylinder containing 15,500 grs. Took all the 
precautions described in Experiment 194; observed gas issuing from 
vessel would not light. 

A. . a. Crasli. Pressure. 

•3C) *0833 *0417. . *015 5*04 tons per square iiicli. , , , 

Experiment 197. — Fired 10,000 grs. of mining powder in cylinder 
containing 15,500 grs. of water. A good deal of gas escaped past 
crusher-plug. 

• , A. a. Crasb. ■ Pressum. ; , 

•700 -0833 -0417 A -220 = 20*8 tons per square inch. 

B -221 = 20-8 
C -226 = 21-2 „ 

Deposit approximately = 2025 grs. water. 
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Experiment 198.— Eired 10,000 grs. Gurtis and Harvey’s No. 6. 

The greater proportion of the gases escaped, the gas getting 
between the steel barrel and the coil, by the screw of the crusher- 
plug, causing the coil to crush, and indenting the steel and the coil in 
a very remarkable manner. 

A. a. Crasli. Pressure. 

“70 *0833 *0417 A *214 == 19*95 tons per square incli. 

B *197 = 19*11 
C *197 = 19*11 

Experiment 199. — series of experiments in guns of various 
calibres with, mining powder. 

Experiment 200. — Fired cylinder hooped with B. E. iron Fo, 3, 
and with a capacity of 11,000 grs. water, with a charge of 8750 grs. 
pebble, and 2250 grs. F. G-. — 11,000 grs. in all. Copper in crusher- 
plug crushed beforehand to 35 tons. 

Head of crusher-plug broke off by the explosion, and gas escaped, 
taking, as nearly as could be guessed, from one to two seconds to escape. 

Outside diameter of cylinder before firing . 10'''*368 

f) after „ . 10"'*393 

Pressure developed over 39 tons, but not reliable, owing to the 
escape of the gases. 

Experiment 201. — ^Fired cylinder hooped with Siemens' mild 
steel Fo. 2, and with a capacity of 11,200 grs. water, with a charge of 
11,200 grs. powder, consisting of 8750 grs. pebble and 2450 grs. F. G. 

Gas escaped with great rapidity past the firing cone, which was 
of course destroyed ; great difficulty found in extracting the crusher- 
piston, which had been jammed by the compression of the chamber 
in which it was placed. Its record was therefore valueless. 

Experiment 202, — Fired same cylinder with a charge of 13,640 
grs. powder, of which 8375 grs. were pebble, the rest F. G. Crusher- 
plug blew out before charge fully fired. 

Experiment 225.— Fired 9000 grs. pebble and 3000 grs. F. G. in 
cylinder Fo. 2, containing 12,680 grs. water, less 670 grs. occupied 
by internal crusher-gauge. One internal crusher used ; gas escaped 
slowly, 

'A. a. Crusk. ' , , Pressitro. 

1‘0 ‘04:17 ‘0833 B crusher ‘193 = 42‘52 tons per sq. inch, 

C „ -193 = 42‘72 
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Experiment 230.— Fired in No. 2 cylinder (Siemens’), containing 
12,680 grs., 11,360 grs. mining powder, same as that tested in the 
2‘5-inch B.L. gun on 4th September 1878. The gas escaped 
through the insulated cone, almost at once. It did not escape with 
any violence. 

Pressures indicated were as follow :• — 

A. f(. Crusli. Pressure. 

0417 *0833 A *165 = 36*8 tons per square incli, 

(A, doubtful; piston being jammed.) 
B *200 = 43*9 tons per square incli, 
V C *200 - 43*9 

Experiment 233. — Fired 9000 grs. x^ebble, and 4000 grs. F. G., 
total 13,000 grs. (842*4 grms.), in No. 2 Siemens’ cylinder, cubic 
contents, 12,680 grs.— 2000 gi‘S. for two internal eriislier-gaiiges ; 
total contents, 10,680 grs. The pressure forced out the closing-i3lugs 
by shearing the threads. 

1-21 ‘04i7 -osb 


Note,— {Added Wh MarcJi, 1880.) 

Since this memoir was submitted to the Society, we have been 
led, in consequence of a communication made to us by Dr Debus, to 
modify considerably our views with regard to the formation of 
hyposulj)hite. 

The experiments rendered necessary by Dr Debus’s discovery are 
fully described and discussed in a note submitted, to the Eoyal 
Society,^ but as the facts there given have led us to the conclusion 
'"that although it would seem that in certain cases and under 
certain exceptional circumstances potassium hyposulphite does exist 
as a secondary, it exists in no case as a primary product, and should 
not, therefore, be reckoned among: the normal constituents of powder- 
residues,” we have recalculated the whole of our analytical results, 
and we append two tables, Nos. 12 and 13, giving for each experi- 
ment the products of decomposition calculated on the hypothesis 
that prior to removal from the explosion-vessel the whole of the 
hyposulphite found was in the form of mono- or polysulphides. , 

, voL XXX., p. 198. 


Cnisli. Pressure. 

A crusher *256 = 55-6 tons per sq. inch. 

B ,, -256 - 55*6 

C ' , *260 = 56*8 ,, 
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Tabl'k 12,‘^Showinff ^ the ■ m analytical remits ohtaimd from mi emmination of 

poioders ; showing also the same parficuJars 


No. of experiments. 

Nature of powder. 

Mean density 
of products 
of 

combustion. 

Carbonic 

anbydride. 

‘erceiitag 

P 

S 

2 V , 

C8 O 

Q 

e eompo 

1 . 

S 

s 

4itioii by 

. 2 ' ■ 

•ai 

1 

8 

Pebble, W . A . . . . 

•10 

46*66 

14-76 

32-75 

3*13 

7 


•20 

44-78 

16-09 

31*31 

4*23 , 

9 


•30 

47-03 

15*51 

81-71 

2*90 

12 


•40 

49*52 

13-95 

32-16 

1-70 

14 


•50 

49*82 

13-36 

32*19 

1-96 

S7 


•60 

49-48 

13-75 

31-83 

2-24 

38 


•70 

49*93 

12*51 

32*08 

3-18 

43 


*80 

51*54 

11-88 

32*61 

1*96 

77 


•90 

51-75 

10-87 

32-72 

2*13 



Means 

48-95 

13-63 

32-15 

2*60 



Highest 

51-75 

16-09 

32-75 

4 * 23 ' 



Lowest 

44-78 

10-87 

31*31 

1-70 

1 

R . L. G ., W . A ., . . . 

•10 

49-00 

8-98 

35-60 

4*06 

3 


•20 

46-56 

11-47 

35*13 

3*58 

4 


•30 

49-35 

11*60 

32*96 

3*11 

11 


•40 

50-25 

10-84 

34-23 

1-93 

70 


*50 

47-21 

17-04 

30*29 

1*61 

39 


•60 

46-29 

14*52 

32*40 

4*29 

96 


•60 

50-22 

13-93 

31*74 

1*62 

41 


*70 

49-75 

13-38 

31-94 

2*85 

44 


•SO 

51-62 

12*16 

32*16 

1*56 

68 


•90 

52-65 

10*73 

32*65 

1*90 



Means 

49-29 

12*47 

32*91 

2*65 



Highest 

52-65 

17-04 

35*60 

4-29 



Lowest 

46-29 

8*98 

30*29 

1*56 

16 

F . a , W . A . .... 

•10 

44-76 

16*25 

32*57 

2*26 , 

17 


•20 

47-41 

12*35 

32*35 

3-76 

18 


*30 

50-45 

11-33 

32*22 

2*21 

19 


•40 

51-79 

10-31 

32*54 

2-00 

75 


•50 

51-04 

10-38 

33*15 

2-20 

40 


*60 

52*00 

9-60 

33*28 

2-26 

42 , : 


•70 

53-02 

7-91 

34*26 

2-03 

■' -47 ‘ 


*80 

51*80 

8-32 

34-64 

2-61 

69 


•90 

53-34 

7-71 

33*81 

2-95 



Means 

50-63 

10-47 

33*21 

2-48 . 



Highest 

53*34 

16-25 

34*64 

3-76 



Lowest 

44-76 

7-71 

' 32*22 

2-00 

78 

R . F . G ., W. A . ■ . 

*70 

62-40 

8-86 

34*51 . 

1*60 

79 

Spanish spherical , . 

•70 

53-34 

4-62 

37-80 

2-74 

196 

Curtis and Harvey, No. 6 . 

*30 

50-22 

7-52 

34*46 

2*08 

194 

Mining powder . . . , 

•30 

32-15 

33-76 

19*03 

7*10 
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solid and , gaseous products of decompoMon of PebhU , E . L , ( x .» and F ., Q , 
with respect to four other powders * 


volume of the gas. 


Percentage composition by weight of the solid residue. 


ta 

■C3 

too 

1 

i 

1 

Oxygen. 

Potassium 

carbonate. 

Potassium 

sulphate. 

Potassium 

monosulphite. 

Potassium 

sulphoeyanate. 

Potassium 

nitrate. 

Potassium 

oxide. 

Ammonium 

sesquicarbonate. 

U 

1 

m 

'St' 

1 


2-70 


58 -se 

15*84 

20*50 

0*09 

0*51 


0-17 

4*33 



3*59 


58*01 

13*85 

20-41 

0*06 


« » • 

0*09 

7-58 

* * . 


2*84 


60*09 

12-74 

19*24 

0*21 

0*03 


0*17 

7-52 


0*32 

2*35 


57-26 

13*69 

18*52 

0*25 

0*08 

* 

0-07 

8-74 

1-40 

0*58 

2*08 


67-04 

12*12 

23*02 

0*23 

0*20 


0*08 

7-31 


0-55 

2*15 


59*00 

13*82 

17-68 

0*36 

0*32 


0*06 

8-76 


0-35 

1*95 


54*64 

13-91 

22-72 

0*41 

0*26 


0*06 

8*00 


O'U 

1-67 


62*35 

10*94 

16*84 

0*06 

0*33 


0*08 

9*40 


0-68 

1*85 


66*43 

9*45 

11*92 

0*59 

0*44 


0*12 

11*05 


0-31 

2*35 


59*26 

12*93 

18*98 

0*25 

0*24 


0*10 

8*08 

0*16 ^ 

0*68 

3*59 


66*43 

15*84 

23*02 

0*59 

0*51 


0-17 

11*05 

1*40 , 

... 

1-67 


64*64 

9*45 

11*92 

0*06 

0*03 


0*06 

4*33 


0-29 

2-07 


55*41 

21*58 

16*68 


0*59 


0*06 

4*93 

0*75 

0-07 

2*62 

0-57 

56-47 

24*44 

13*08 

0*05 

0*12 


0*06 

6-76 

0*02 


2-98 


54*16 

25*03 

13-76 

0*05 

0*03 


0*04 

6*93 


0*28 

2-47 


51*82 

24*35 

17-00 

0-17 

0*13 


0*04 

6*49 

... 

0-84 

3*01 


64-77 

4*96 

19-47 

0*30 

0*53 


0*11 

9*86 


0*36 

2*14 


66*43 

10*90 

11*85 

0*28 

0*46 

« • * 

0*09 

9*99 


0-35 

2*14 


64*88 

11*16 

13*91 

0*26 



0*11 

9*68 


0*55 

1*53 


63*25 

11*04 

15*34 

0*51 

0*44 


0*08 

9*34 


0-77 

1*72 


67-00 

8*88 

10*92 

0*25 

0*18 


0*11 

! 12*66 

t **’ ■ 

1 ••• 

0*80 

1*27 


67*16 

8*71 

12*50 

0*38 

0*20 


0*15 

1 10*90 

i 

0*43 

2*19 

0*06 

61*03 

15*10 

14*45 

0*22 

0-27 


0*08 

8*74 

0-08 

0*84 

3*01 

0-57 

67*16 

25*03 

19-47 

0*51 

0*59 


0*15 

12*66 

0-75 ■ 

0*07 

1*27 


51*82 

4*96 

10*92 

0*05 

0*03 


0*04 

4*93 


0*18 

3*83 

0*15 

52-43 

i 19*00 

I 18*30 


0*21 

5-74 

0*07 

4*25 

1 ... ^ 


4*13 


60-20 

1 24*55 

8*30 

0-02 

0*08 


0*15 

6*70 

... 


3*51 

0*28 

47-17 

1 23*24 

19*23 

0-07 

0*10 

• # • 

0*01 

10*18 

... 


3*36 


48-37 

23*46 

21*50 

0-08 

0*10 


0*04 

6*45 


0*27 

2*96 


67-97 

21*45 

12*55 

0-07 

: 0*09 


0*08 

7*79 


0*18 

2*68 


45-55 

24*15 

20*12 

0-17 

1 0*18 

3*49 

0*01 

6*33 

... 

0*50 

2*13 

0*15 

48-39 

23*61 

: 20*90 

0-26 

0*21 

» - . 

0*03 

6*60 


0*41 

2*04 i 

0*18 

47-80 

23*15 

! 21*98 

0-26 

0*28 

h « * 

0*04 

6*49 


0*16 

2*04 ' 

... 

54-17 

19*64 

18*88 

0-27 

0*28 

... 

0*03 

6*73 


0*19 

2*96 

0*08 

51*34 

22*47 

17*97 

0*13 

0*17 

1-02 

0*05 ^ 

6*83 


0*50 

4*13 

0*28 

60*20 i 

24*55 

21*98 

0*27 

0*28 

5-74 

0*15 

10*18 



2*04 


45*55 

19*00 

8*30 

... 

0*08 


0*01 

4*25 1 


0*12 

2 * 51 ' 


60*17 

22*35 

9*14 

0*04 

0*06 


0*05 

. 8 :* 19 .:: 



1*29 

0*21 

35*66 

48*55 

7*72 

0*04 

0*95 

.... 

0*04 

7*04 

' ' 

2*46 

3*26 


59*10 

21*65 

12*42 


0*29 

'*•* 

0*09 

6*45 


2*73 

5*24 

... 

41*36 

0*59 

37*10 

2*95 

0*09 

.... , 

1*78 

14*11 

2*02 i 


1 
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Tabie lB.-~ComposUion. by uorngU of the producU of combustion of 1 

grmmwtrw 


Proportions by weight of gaseous prodncts. 


■ 

© 

o 

Nature of powder. 

Mean density 
products of eombi 

Carbonic 

anhydride. 

Carbonic 

oxide. 

Nitrogen. 

Sulpbbydric 

acid. 

rA 

■ 

' 

Hydrogen. 

1 

8 

Pebble, W . A, . 

‘10 

•2634 

•0530 

•1176 

•0137 


•0007 


7- 


‘20 

*2505 

•0572 

•1114 

•0183 


•0009 


9 


*30 

•2609 

•0548 

•1120 

•0124 


•0007 

... 

12 


*40 

•2683 

•0481 

•1109 

•0071 

•0007 

•0006 


14 


*50 

•2768 

•0472 

•1137 

•0084 

•0012 

•0005 


37 


•60 

•2695 

•0477 

•1103 

•0094 

•0011 

•0005 

... 

38 


•70 

•2748 

•0438 

*1124 

•0135 

•0007 

•0005 


43 


•80 

•2785 

•0409 

•1121 

•0082 

■0007 

•0004 


77 


•90 

•2743 

•0367 

•1103 

•0087 

•0014 

•0005 




Means 

•2685 

•0477 

•1123 

•0111 

•0006 

*0006 




Highest 

•2785 

•0572 

•1176 

•0183 

•0014 

•0009 




Lowest 

•2505 

•0367 

•1103 

■0071 


•0004 


1 

R. L. a , w . A, . 

•10 

•2653 

•0309 

*1226 

•0170 

•0006 

•0005 


3 


•20 

•2497 

•0391 

•1198 

•0148 

•0001 

•0006 

•0022 

4 


•30 

•2633 

•0394 

•1119 

•0128 


•0007 


11 


•40 

•2702 

•0371 

•1172 

•0080 

•0006 

•0006 


70 


*50 

•2601 

•0581 

•1053 

•0068 

•0017 

•0007 


39 


•60 

•2480 

•0495 

•1101 

•0177 

•0007 

•0005 


96 


•60 

•2672 

•0471 

■1074 

•0067 

•0007 

•0005 

... 

: 41 


•70 

•2655 

•0454 

•1085 

*0118 

•0011 

•0004 


: 44 


•80 

•2651 

•0397 

•1051 

•0062 

•0014 

•0040 


68 


•90 

•2760 

•0358 

•1089 

•0077 

•0015 

•0003 




Means 

•2630 

•0422 

•1117 

•0109 

*0008 

•0009 

•0002 



Highest 

•2760 

•0581 

•1226 

•0177 

•0017 

•0040 

•0022 



Lowest 

•2480 

•0309 

•1051 

•0062 

•0001 

•0003 

... 

16 

F . a , W. A, . ' . 

*10 

•2512 

*0580 

•1163 

•0098 

•0004 

•0010 

•0006 

17 


•20 

•2490 

•0413 

•1081 

*0153 


•0010 


: 18 


•30 

•2621 

*0374 

•1065 

'0089 


•0008 

•ooio 

: 19 


•40 

•2765 

*0350 

•1105 

•0082 


•0008 


; 75 


•50 

*2665 

•0344 

•1102 

•0089 

•0005 

•0007 


40 


•60 

*2782 

•0327 

•1133 

*0093 

•0003 

•0007 


42 


•70 

•2804 

*0266 

•1152 

•0083 

•0010 

•0005 

•0006 

47 


‘80 

•2752 

•0281 

•1171 

•0107 

•0008 

•0006 

•0007 

69 


•90 

•2812 

•0259 

•1134 

•0120 

•0003 

*0005 




Means 

*2689 

*0355 

•1123 

•0101 

•0004 

•0007 

•0003 



Highest 

•2892 

•0580 

•1171 

•0153 

■0010 

•0010 

*0010 



Lowest 

•2490 

•0259 

•1065 

*0082 


•0005 


78 

R. F. G ., W. A. ' . 

•70 

•2686 

•0289 

•1126 

•0064 

•0002 

•0006 


: 79 

Spanish spherical . 

•70 

•2457 

•0136 

•1108 

•0097 


■0003 

*0607 

196 

Ciirtis&Harvey,No. 6 

•30 

•2593 

•0247 

•1132 

•0083 

•0046 

*0008 


194 

Mining powder . 

•30 

•2279 

! 

•1622 

•0858 

•0389 

*0070 

•0017 
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M 

I 


iframms of fired gimpoioder of the umderrnmtiomd natures^ and of rariom- 
densities* 


Proportions by weiglit of the solid residue. | 

^ . 

O 03 

* 3 ' , 

S-i, 

Water. 

fi 05 : 

•31 ■ 

zo .3 

• gTJ ; 
pl | ; 

Potassium 

sulphate. 

Potassium 

moiiosulphide. 

Potassium 

sulphocyanate. 

Potassium 

nitrate. 

Potassium 

oxide. 

' 

Ammonium 

sesquicarbonate. 

*1 

1 
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^ ON EXPLOSIVES' 

: Note , ON thE' Existence oe Potassium Hyposulthite in the . 

Solid Eesidue oe I’ieeb Gunpowdbb. 

Ib our secoBd memoir on fired gunpowder we have discussed in 
detail that part of M. Berthelot's Meiidly criticism of our first 
memoir, which relates to the potassium hyposulj)hite found by us, in 
variable proportions, in our analyses of the solid products obtained 
by the explosion of gunpowder in the manner described. While 
pointing out that we had taken every precaution in our power to 
guard against the production of hyposulphite by atmospheric action 
upon the potassium sulphide during the removal of the hard masses 
of solid products from the explosion-vessel, and had effectually 
excluded air from them, when once they were removed until they 
were submitted to analysis, we admitted the impossibility of 
guarding against the accidental formation of some hyposulphite 
during the process of removal, especially in some instances in which 
the structure of the residue had certainly been favourable to atmo- 
spheric action, and in which a more or less considerable development 
of heat had afforded indications of the occurrence of oxidation. 

We contended, however, that the method of analysis, and the 
precautions adopted by us in carrying it out, precluded the possi- 
bility of accidental formation of hyposulphite at this stage of our 
investigations. With respect to the precautions, we could, and still 
do, speak with perfect confidence; and we certainly have believed 
ourselves fully justified in being equally confident with respect to 
the process adopted by us for the determination of the proportions 
of sulphide and hyposulphite, inasmuch as we accepted and used in 
its integrity the method pubhshed in 1857 by Bunsen and Schischkoff 
in their classical memoir on the products of explosion of gunpowder, 
and adopted since that time by several other investigators who have 
made the explosion of gunpowder the subject of study, and whose 
results are referred to in our first memoir. 

implicit confidence in the trustworthiness of this 
method of analysis, emanating as it did from one of the highest 
: authorities in experimental research, we considered ourselves fully 
justified in maintaining that the very considerable variations in the 
amount of hyposulphite found in different analyses, carried out as 
nearly as possible under like conditions, and the high proportions of 
suli)hide obtained in several of those analyses, afforded substantial 
proof that accidental oxidation during the collection and analysis of 
the residues was not sufficient to account for all but the very small 
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quantities of liyposiilpliite, which, in M. Berthelot’s view, could have 
pre-existed in the powder-residxies. Other facts, established by the 
exhaustive series of experiments detailed in our first memoir, were 
referred to by us in our second memoir, in support of the above con- 
clusion (from which we have still no reason whatever to depart). 
At the same time we described a series of supplementary experiments 
which had been instituted by us, with a view to obtain, if possible, 
farther decisive evidence as to the probable proportions of hypo- 
sulphite and sulphide actually existing in the residues furnished by 
the explosion of gunpowder in closed vessels. 

In the first placG, the residues obtained by the explosion of 
charges of E. L. G-. and pjobble powders were submitted to special 
treatment. Portions of each, consisting exclusively of large masses, 
were very speedily detached and removed from the explosion-vessels, 
and sealed up in bottles freed from oxygen, having been exposed to the 
air only for a few seconds. Other portions of the same residues were 
\'ery finely ground, and exposed to the air for 48 hours. As was stated in 
oim recent memoir, the portions of the residues treated in the last-named 
manner contained very large proportions of hyposulphite (although 
in one of them there still remained about 3 per cent, of sulphide), 
while those portions which had been for only a brief period exposed 
to air (and which presented but small surfaces) were found to contain 
from 5 to 8*5 per cent, of hyposulphite. As, throughout our entire 
series of previous experiments, no accidental circumstances had 
occurred which even distantly approached the special conditions 
favourable to the oxidation of the sulphide presented in these 
particular experiments, we considered ourselves fully justified in 
concluding that the non-discovery of any sulphides in the analyses 
of residues furnished by the fine-grain powder in three out of the 
whole series of experiments, was not due to accident in the manipula- 
tions ; and that in those instances, in our several series of experi- 
ments, in which large quantities of hyposulphite were found, the 
greater proportion of that substance must have existed before the 
removal of the residues from the explosion-vessel. 

Not suffering the question to rest there, however, we proceeded, 
in the second place, to adopt new precautions, in two special experi- 
ments, for guarding against the possible formation of hyposulphite in 
the removal of the residues from the explosion-vessel, and their pre- 
paration for analysis. 

Distilled water, carefully freed from air by long-continued 
boiling, was syphoned into the vessel when it had cooled after the 
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•explosion, and thus no air was ever allowed to conie into contact 
with the solid prodixets. When the vessel was quite filled with 
water it was closed, and, after having been left at rest for a sufficient 
time to allow the residue to dissolve completely, the solution was 
rapidly transferred to bottles which had been freed from oxygen. 
These, when completely filled with the liquid, were hermetically 
sealed until the contents were submitted to analysis in accordanGe 
with the usual method, when they furnished respectively 4 and 6 
per cent, of hyposulphite. These results corresponded closely to 
others obtained by the analysis of seven residues obtained in experi- 
ments with P., R L. Gr., and L. Gr. powders, in^which there were no 
peculiarities assignable as a possible reason why the proportions of 
hyposulphite should he so much lower in these cases than in other 
experiments carried out with the same powders under as nearly 
as possible the same conditions. 

By the results obtained under the various conditions pointed out 
in the foregoing, we are forced to the conclusion that the discovery 
of a small or a larger proportion of hyposulphite by the analysis of 
the powder-residue, obtained as described, is consequent upon some 
.slight variation (apparently not within the operator's control) 
attending the explosion itself; but that hyposulphite does exist, 
though generally not to anything like the extent we were at first led 
to believe, as a normal and not unimportant product of the explosion 
of powder in a closed space. 

Some time after the submission of our second memoir to the 
Royal Society, we received a communication from Professor Debus, 
which has led us to institute a further series ‘of experiments bearing 
upon this question of the existence of hyposulphite, and the results 
we have arrived at have led us so greatly to modify our views on 
this point, that it is our duty to communicate them without loss of 
time to the Royal Society. 

As introductory to these, it is necessary to repeat the account, 
given in our first memoir, of the method pursued by us for determin- 
ing the proportions of potassium monosulphide and hyposulphite in 
a powder-residue. 

The solution of the residue, prepared by the several methods 
already described, was separated by filtration, as rapidly as possible, 
from the insoluble portion, the liquid being collected in a flask, in 
which it was at once brought into contact with pure ignited copper 
oxide. The solution and oxide were agitated together, from time to 
time, in the closed flask, the two being allowed to remain together 
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iintil the liquid was perfectly colourless. In a few instaiiees the 
oxide was added in small quantities at a time, in others the sufficient 
excess was added at once, with no difference in the result obtainecL 
The only points in which this method differed from that described by 
Bunsen and Schischkoff in their memoir, was in the emplojnnent of 
a flask well closed with an indiarubber bung for the stoppered 
cylinder which was employed by them; and in occasionally curtailing 
somewhat the prescribed period (two days) for which the liquid and 
the copper oxide were allowed to remain together, the operation 
being considered complete when the solution had become colourless. 
Bunsen and Schischkoff prescribed that the liquid when separated by 
filtration from the mixed copper oxide and sulxfliide obtained in the 
foregoing treatment, is to he divided into seven equal volumes, in one 
of which the amount of hyposulphite may be most simply estimated 
by acidifying it with acetic acid, and then titrating with a standard 
iodine solution. This course was adopted by us, and it will therefore 
be seen that we dex^arted in no essential point whatever from tho 
method of Bunsen and Scliisehkoff, which we had considered ourselves 
fully warranted in adopting, without questioning its trustworthiness. 

We were informed, however, last July by Br Debus, that in sub- 
mitting potassium polysulphides to treatment with copper oxide, he 
had found much hyx)osulphite to be produced, even when air was 
perfectly excluded, it having been in the first instance ascertained 
that the several ];)olysulphides exxDerimented with did not contain any 
trace of hyposulx)hite. We proceeded at once to confirm the correct- 
ness of his observations by submitting potassium polysiilpMdes to 
treatment with copper oxide, exactly according to the 

method X3rescribed by Bunsen and Schischkoff for the treatment of 
X^owder-residues. In one experiment we obtained as much as 871 
X^er cent, of x^otassil^m hyx^osulphite (calculated upon 100 x^a.rts of 
potassium monosulpMde). Even in an experiment with pure x^ctas- 
siiim monosulphide, we obtained 11*6 per cent, of hyposulphite iix30ii 
its treatment for the usual period with copper oxide. 

We next proceeded to convince ourselves that by substituting- 
zinc chloride solution for copper oxide, the sulx^hur existing in solu- 
tions of potassiiiiii mono- and polysulphides might he abstracted, 
according to the usual method of operation, without producing more 
than the very small quantities of hyposulphite aseribable to the access, 
of alittle air to the sulphides before or during the method of treatment. 

Having confirmed the validity of Dr Debus's objection to Bunsen 
and Schischkoff's method, and established the trustworthiness of a. 
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modification of that method (zinc chloride hemg substitn^^^ for 
copper oxide)^ we proceeded to submit to precisely similar tieatmeiit 
with these two reagents portions of solutions obtained by dissolving, 
with total exclusion of a^^ (in the manner described in our last 
memoir and the present note), the residue furnished by special 
experiments with P., E, L. Gr., and E. G. powders, exploded under the 
usual conditions obtaining in our researches, and in quantities rang- 
ing from 4200 to 35,000 grs. (272*2 grms. and 2268 grms.). The 
following is a tabulated statement of the results obtained by the two 
modes of treatment, and of the differences between the proportions 
of hyposulphite obtained by treatment of portions of one and the same 
residue with the two different reagents under conditions as nearly 
alike as possible: — 

Table 1. 


No. of 

Description 

, Quantity used. 

! Density 
of 

Amount of hyposulpliite furnislied 
by 100 parts of powder with 
employment of-- 

experiment. 

of powder. 

Grains. 

1 

Girams. 

cliarge. 

Zinc 

eliloride. 

Copper 

oxide. 

Diilerenee. 

245 . 1 

P. 

3,396 

220*05 

0*3 

•12 

1*93 

1*81 

241 

P. 

5,660 

366-76 

0-5 

•07 

2*46 

'2*39 , 

246 

R. L.G. 

4,200 

272-16 

0*4 

•05 

1*43 

1*38 

244 

R. L. G. 

5,250 

340*19 

0*5 

•06 

1*58 

1*52 

243 

F. G. 

4,523 

293*41 

0*4 

•07 

1*56 

1*49 

242 

F. G. 

6,300 

408*23 

0*6 

•27 

2*26 

1*99 

247 

P. 

35,000 
(5 lb.) 

2,267*97 

0*23 

•78 

2*82 

j 

2*04 


For purposes of comparison, we subjoin a statement of the lowest 
proportions of hyposulphite furnished by 100 parts of the three 
powders used in our general series, and also the proportions, similarly 
expressed, which were obtained in the experiments with sporting and 
mining powder, the residues of which were dissolved with the same 
special precautions adopted in the case of the experiments given in 
Table 1. 

Table 2. 


No. of 

Nature of 

Amount of hyposulphite in 

experiment. 

powder. 

100 parts of gunpowder used. 

7 

Pebble 


2*06 

' 44 ,' : 

R. L. G. 


1*75 

,17 

: F.G. 
(Curtis and 

1 

3*04 

196 

< Harvey 


2*28 


( No. 6 

J 


194 

f Mining 
\ powder 

1 

J 

2*77 






Hemarks. 


Lowest proportions fur- 
nished by, the respective 
powders.,. 

Special , precautions, taken 
in collecting the residue. 
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In ref erence to the foregoing numerical statements, we have to 
offer the following observations : — 

1. Substituting zinc chloride for copper oxide as the precipitant 
of the sulphur which existed in the form of sulphide in solutions of 
powder- residues to which air had not had access at all until the time 
of its treatment with the zinc chloride, the amount of hyposulphite 
existing in solution after such treatment was found to range from 
0*05 to 0*78 in 100 parts of gunpowder, while the treatment of por- 
tions of the same solutions with copper oxide, in the precise manner 
adopted in our series of experiments, yielded proportions ranging 
from 1*43 to 2*82 per* 100 of powder used. Comparing the results 
furnished by the two modes of treatment, it will be seen that in the 
case of the parallel experiment (Experiment 246), which exhibited 
the least considerable difference in the amount of hyposulphite 
found, that existing after the copper oxide treatment was about 
twenty-eight times greater, while in the case of the highest differ- 
ence (Experiment 241) it was about thirty-foim times greater than 
that found after the treatment with the zinc chloride. 

2. It would appear from these results that, in four or five out of 
seven experiments, no hyposulphite, or at any rate only minute 
quantities, existed in the residues previous to their solution, and 
although it would seem to have existed in very appreciable amount 
in two out of seven residues, the highest proportion found after the 
zinc chloride treatment was less than one-half the lowest proportion 
found in our complete series of analyses in which the copper oxide 
treatment was adopted. 

3. A comparison of the results among each other leads, therefore, 
to the conclusion that potassium hyposulphite cannot be regarded as 
•a normal constituent of powder-residue (obtained in experiments such 
.as those carried out by us), and that M. Berthelot is correct in 
regarding this salt as an accidental product, which, if existing 
occasionally in appreciable amount in the solid matter previous to its 
removal from, the explosion-vessel, is formed under exceptional con- 
clitions, and then only in comparatively smaU proportions. 

While submitting this as the conclusion to be drawn from our 
most recent experiments, we are of opinion that the following points 
deserve consideration in connection with the question whether hypo- 
sulphite may not, after all, occasionally exist, as the result of a 
secondary reaction, in comparatively large proportion in the explosion- 
vessel before the residue is removed. 

It will be observed that although the copper oxide treatment, 
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when applied to the snlphide in the pure condition (i{?,/ imdiliite(i 
with the other potassium compounds found in powder-residue), gave 
rise to the production of very large proportions of hyposulphite, when 
polysulphides were used, the highest proportion of that suhstance 
foimcl, after the treatment of the particular residues used in the 
experiments given in Table 1, only amounts to 2-82 per cent, upon 
the gunpowder (pebble-powder) employed, which corresponds to 
about 14*5 per cent, of the average proportion of monosulphide exist- 
ing in the residue furnished by that powder. In observing this, it 
must be borne in mind that the sulphide existing in powder-residue 
is always present, in part, and sometimes to a considerable extent, 
in the form of polysulphide, also, that the experiments with the sul- 
phides were conducted precisely according to the method pursued in 
the treatment of the powder-residues. It would appear, therefore, as 
though the mixture of the sulphide with a very large proportion of 
other salts in solution rendered it less prone to oxidation by the 
copper oxide than when the undiluted sulphide is submitted to its 
action. 

In comparing with the results furnished by the zinc chloride those 
obtained by the copper oxide treatment, in the special experiments 
given above, it is observed that, omitting one exceptional result 
(Experiment 241), for which we do not attempt to account, the 
highest proportions of hyposulphite are furnished by those residues 
which also gave the highest with the zinc chloride, the diflerenees 
between the results furnished by the two treatments being likewise 
the highest hi these three cases ; so also the lowest proportions fur- 
nished by the copper oxide treatment correspond to the lowest 
obtained with the zinc oxide, and the differences between the results 
furnished by the two methods are in the same manner the lowest in 
these. It would almost appear, therefore, as though the existence of 
a very appreciable proportion of hyposulphite in the solution of the 
residue had some effect in promoting the production of hyposulphite 
when the residue is submitted to treatment with copper oxide. 

In a recalculation of the results of our analyses of the powder- 
residues upon the assumption that the whole of the hyposulphite 
obtained existed originally as monosulphide, it is found that, in 
several instances in which the proportion of hyposulphite was high, 
the analytical results are much less in accordance with each other 
than when it is assumed that the hyposulphite found, or at any 
rate a very large proportion of it, existed as such in the residue 
before removal from the explosion-vessel. Thus, taking the E. G-. 
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series, in which the mean QUANirTT of hyposulphite actually found 
is about double of that obtained either from the pebble or E. L. G. 
powders, selecting from this series the three experiments which gave 
the highest proportions of hyposulphite, and caleulatiug in the 
manner described in our first memoir the total quantities both of 
solid and gaseous products ; first, from the basis of the analysis of the 
solid products ; secondly, from the basis of the analysis of the gaseous 
products ; and, further, on the assumption that the hyposulphite found 
existed as hyposulphite either as a primary or secondary product 
prior to removal from the explosion-vessel, we have as follows : — 

Experiment No. 40, F. G. powder. — ^Density, -Q ; hyposulphite 


found, 18‘24 per cent. 

Calculated Calculated 

solid products. gaseous products. 

Grms. Grms. 

From analysis of solid products , 170‘268 125*220* 

From analysis of gaseous products . 172*509* 122*979 


Experiment No. 42, F. G. powder. — Density, *7; hyposulphite 


found, 18*36 per cent. 

Calculated Calculated 

solid products. gaseous products. 

Grms. Grms. 

From analysis of solid products . 200*191 144’547* 

From analysis of gaseous products . 200*220* 144*520 


Experiment No. 47, F. Gr. powder. — ^Density, *8; hyposulphite 
found, 19*95 per cent. 

Calculated Calculated 

solid products. gaseous products. 

Grms. Grms. 

From analysis of solid products * 231*652 162*335* 

From analysis of gaseous products . 229*392* 164*595 

* Water included. 

Calculating now in the same manner the quantities of solid and 
gaseous products on the assumption that the hyposulphite found 
was, prior to removal from the explosion-vessel, in the form of inono- 
or polysulphide, we have from the same experiments : — 


Experiment No. 40. 

Calculated Calculated 

solid products, gaseous products. 
Grms. ' ' : Grms. 

From analysis of solid products . 157*273 133*842 

From analysis of gaseous products • 168*136 122*979 

"■■.X 



322 


RESEAECHES ON EXPLOSIVES 


Experiment No. 42. 

Calculated Calculated 

solid products. gaseous products. 

Grms. ' Grms. 

From analysis of solid products ' ' . 185*914 , 155*722 

From analysis of gaseous products * 197*118 144*520 


Experiment No. 47. 

Calculated Calculated 

solid products, gaseous products. 

Grms. Grms, 

From analysis of solid products . 211*46^ 176*694 

From analysis of gaseous products » 223*561 164*595 


Lastly^ we still tWnk tliat the following facts, given in our second 
memoir, must not be overlooked in considering the question of 
possible occasional existence of considerable proportions of hypo- 
sulphite, viz.: — That ‘^the production of high proportions of hypo- 
sulphite was but little affected by any variations in the circumstances 
attending the several explosives whether the space in which the 
powder was exploded were great or small), excepting that the 
amount was high in all three cases when the powder was exploded in 
the largest space ; on the other hand, a great reduction in the size of 
grain of the gunpowder used appeared to have a great influenee upon 
the production of hyposulphite, as when passing from a very large- 
grain powder (P. or E. L. Gf.) to a fine-grain powder (F. G.). Thus, 
the production of hyposulphite exceeded 20 per cent, (on the solid 
residue) in only three out of nine experiments with P. powder, in 
three out of ten with E. L. G., and in seven out of nine with F. G. ; 
while it was below 10 per cent, in four out of nine experiments with 
P. powder, in five out of ten with E. L. G., and in only one out of 
nine with F. G. powder.’’ The experiments made with these several 
powders followed in no particular order, and no circumstance existed 
in connection with them to which these great differences in the 
results obtained could be ascribed. 

We append a recalculation of the mean results of our three series 
of analysis, adding the values of the hyposulphite found, as mono- 
sulphide, to the amount of sulphide actually found, and we hope to 
be allowed to add to our second memoir a similar recalculation of the 
whole of our analyses. 

This recalculation develops (as we pointed out in our second 
memoir must necessarily he the ease) a more or less considerable 
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deficiency of oxygen in the total products of explosion ; there is, 
however, in every instance, also a deficiency of hydrogen, and it may, 
therefore, be reasonably concluded that the deficiencies in the total 
quantities of the oxygen and the hydrogen in the powder used, which 
are unaccounted for in the products found, on the assumption that 
variable proportions of the total hyposulphite found actually existed 
in the residues as sulphide, are properly accounted for by assuming 
that the missing quantities of these elements actually existed among 
the products as water, the amount of which it was obviously impos- 
sible to determine. 

In conclusion, we* have to state that we considered it right, in 
consequence of the error discovered in the method adopted for the 
examination for hyposulphite, to repeat the experiments described in 
our first memoir as having been made by us, with the view of ascer- 
taining whether hyposulphite could exist at temperatures approach- 
ing those to which the solid products of explosion were actually 
subjected in the explosion-vessels in our experiments. 

To test this point, we submitted, for between ten minutes and a 
quarter of an hour, to the highest heat (about 1700"* Cent.) of a 
Siemens’ regenerative furnace, two platinum crucibles, one filled with 
powder-residue, the other with potassium hyposulphite. At the 
conclusion of the exposure, and while the crucibles were still red hot, 
they were plunged into water, deprived of air by long-continued 
boiling, and at once sealed. The powder-residue was found still to 
contain 1*27 per cent, of hyposulphite, wliile the crucible with the 
pure salt consisted of a mixture of sulphate and sulphide, but with 
an amount of 2*1 per cent, of hyposulphite. 

It is probable that, if the exposure had been still longer con- 
tinued, the hyposulphite would have altogether disappeared, and the 
experiment can only be taken as proving that the hyposulphite, 
especially if mixed with other salts, is neither qiiicldy nor readily 
decomposed, even at very high temperatures. 


[Table , 3. 
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HEAT-ACTION" OF EXPLOSIVES. 

{Lecture delivered at the Institution of Civil Engineers^ 

Examples of explosive substances will readily occur to all of you. 
The salient peculiarities of some of the best known may roughly be 
! defined to be the instantaneous, or at least the extremely rapid, 

I conversion of a solid or fluid into a gaseous mass occupying a volume 

many times greater than that of the original body, the phenomenon 
being generally accompanied by a considerable development of 
measurable heat, which heat plays a most important part not only 
in the pressure attained, if the reaction take place in a confined 
space, but in respect to the energy which the explosive is capable of 
i generating, 

i Fulminates of silver and mercury, picrate of potassa, guncotton, 

I nitro-glycerine, and gunpowder, may be cited as explosives of this 

class,. 

But you must not suppose that substances such as I have just 
named are the only true explosives. In these solid and liquid 
explosives, which consist generally of a substance capable of being 
burnt, and a substance capable of supporting combustion, in, for 
j example, guncotton or gunpowder, the carbon is associated with the 

i oxygen in an extremely condensed form. But the oxidisable and 

' oxidising substances may themselves, prior to the reaction, be in the 

V gaseous form; as, for instance, in the ease of mixtures of air or 

I oxygen with carbonic oxide, of marsh-gas with oxygen, or of the 

j mixture of hydrogen and oxygen forming water, which, if regard be 

had to the weight of the combining substances, forms an explosive 
possessing a far higher energy than is possessed by any other known 
: substance,. ■../ 

But these bodies do not complete the list, and, under certain 
[ circumstances, many substances ordinarily considered harmless must 

1 ^ 
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Finely-divided substances capable of oxidation, or certain 
vapours, form, when suspended in, or diluted with, atmospheric air, 
mixtrxres which have been xmfortunately the cause of many serious 
explosions. 

Minute particles of coal floating in the atmosphere of coal-mines 
have either originated explosions, or in a very high degree iutensi- 
fled the effects of an explosion of marsh-gas. Flour-dust and 
sulphur-dust suspended in the air have produced like disastrous 
results. Lines of demarcation are generally difficult of definition, 
and the line between explosive and non-explosive substances forms 
no exception to the rule; but, from the instances I have given, you 
will note that an explosive may be either solid, liquid, or gaseous, 
or any combination of these three states of matter. 

In the course of my lecture, I propose, in the first instance, to 
give you a short account of the substances of which some explosives 
are composed, illustrating my meaning by giving you the composi- 
tion of one or two which may be considered as types, and which are 
well known to you. 

I shall, in the second place, show the changes which occur when 
our exjflosives are fired ; and shall endeavoxir to give you some idea 
of the substances formed, of the heat developed, of the temperature 
at which the reaction takes place, and of the pressure rea,lised, if the 
products of our explosive be absolutely confined in a strong enough 
vessel, as well as of the experiments which have been made, and the 
apparatus which has been used either directly to ascertain or to 
verify the facts required by our theory. 

I shall in certain cases suppose our explosives to be placed in 
the bore of a gun, and shall endeavour to trace their behaviour in 
the bore, their action on the projectile, and on the gun itself. I 
shall, at the same time, describe to you the means and apparatus 
that have been employed to ascertain the pressure acting on the 
projectile and on the walls of the gun, and to follow the motion of 
the projectile itself in its passage through the bore. 

Let us take, suppose at the temperature 0° Cent., and at the 
pressure 760 mm. of mercury, two equal volumes of the gases 
hydrogen and chlorine, which when combined produce hydrochloric 
acid. I have the gases in this tube, and let us apply a light ; you 
will observe that the mixture explodes violently, with considerable 
evolution of heat. Fow this is perhaps as simple a case of an 
explosive as we can have. 

If we suppose the gases to be exploded in an indefinitely long 
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cylinder, closed at one end, and with an accurately fitting piston 
working ill it, and if we suppose the gases (fired, you will remember, 
at 0° Cent, and atmospheric pressure) to be again reduced to the 
temperature and pressure from which we started, the piston will 
descend to its original position, and the gases will occupy the same 
space as before they were exploded. 

If we now suppose that we had, in a calorimeter, measured the 
quantity of heat produced by the explosion, that quantity of heat, 
about 23,000 grm.-units per gramme of hydrogen, or about 600 grm.- 
units per gramme of the mixture, expresses, without addition or deduc- 
tion, the total amount of work stored up in the unexploded mixture, 
and from that datum, knowing the specific heat, we are able to 
deduce not only the temperature at which the explosion takes place, 
but the maximum pressure produced at the moment of explosion, 
and the work which the gases, in expanding under the influence of 
the heat evolved, are capable of performing. 

If, instead of a single volume each of hydrogen and chlorine, we 
take two volumes of hydrogen and one of oxygen (which when com- 
bined produce water), or by weight two parts of hydrogen and 
sixteen of oxygen, and explode them as I now do, you will observe 
that there is a stiU more violent explosion, and I may add that there 
is a still greater development of heat. 

If, as before, we supposed the explosion carried on in an indefi- 
nitely long cylinder, the piston, on the gases being brought back to 
the temperature and pressure existing before the charge was fired, 
would no longer stand at its original height, but at two-thirds of 
that height, the three volumes would be condensed into two, and the 
heat determined by our calorimeter, about 29,000 grm.-units per 
gramme of hydrogen, about 3300 grm.-units per gramme of the gaseous 
water produced by the explosion is increased above what may be 
considered the true heat of the explosion by the condensation 
which the aqueous vapour has suffered in passing from three to two 
volumes. . 

From the heat determined, however, we are able as before to 
deduce the temperature of explosion, the pressure exerted on the 
walls of a close vessel at the instant of maximum temperature, ancl 
the energy stored up in the exploded gases. 

I have mentioned that the potential energy stored uj> in this 
mixture of hydrogen and oxygen is, if taken with reference to its 
weight, higher than tfiat of any other known mixture, and it may 
fairly be asked why should such an explosive, whose components 
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are so readily obtainable, not be more largely employecl as apro- 
pelling or disruptive agent ? 

There are several objections ; but you will readily appreciate one 
when I point out that if we assume a Idlog. of gunpowder forming a 
portion of a charge for a gun, to occupy a litre or a decimetre cubed, 
a kilog. of hydrogen, with the oxygen necessary for its combustion, 
would at zero and at atmospheric pressure occupy a volume sixteen 
thousand times as great. 

Let us now pass to guncotton, known also as pyroxylin or trinitro- 
cellulose/ This substance, as you probably know, is prepared by 
submitting ordinary, but carefully purified, cotton to the action of a 
mixture of concentrated nitric and sulphuric acids at ordinary 
temperatures, where a proportion of the hydrogen in the cellulose is 
replaced by an eq[uivalent amount of nitric peroxide, 

Nitro-glycerine is in like manner formed by the action of a 
mixture of nitric and sulphuric acids on glycerine; but we shall for 
the present confine our attention to guncotton. 

The formula representing guncotton is 0^1173(1^02)05, and gun- 
cotton itself may be employed in several forms in the flocculent or 
natural state ; or it may be made up into strands, yarns, or ropes ; or 
it may be granulated or made into pellets ; or it may be highly com- 
pressed into slabs or discs, in which last form it is almost invariably 
used for industrial or military purposes, and for which we are so 
largely indebted to the labours and researches of my friend and 
colleague, Sir Trederick Abel. 

Samples of all these forms are on the table before you. 

When guncotton is fired, practically the whole of its constituents, 
which before ignition were in the solid, assume the gaseous form, 
and this change is accompanied by a very great development of heat. 
I now fire a train of different forms of guncotton, and you will note, 
ill the first place, the small quantity of smoke formed, and this may 
be taken as an indication of the small amount of solid matter in the 
products of combustion. You will observe, also, that instead of the 
explosions which took place when our gaseous mixtures were fired, 
guncotton appears rather to burn violently than explode. This, 
however, is due to the ease with which the nascent products escape 
into the atmosphere, so that no very high pressure is set up. 

Were we, by a small charge of fulminate of mercury or other 
means, to produce a high initial pressure, the harmless ignition that 
you have seen would be converted into an explosion of the most 
violent and destructive character. 
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You will finally note that tHs transformation differs mateiMly 
from those which we have hitherto considered. In both of these 
the elements were, prior to the ignition, in the gaseous state, and 
the energy liberated by ^the explosion was expressed directly in the 
form of heat. In the present instance, a very large but unknown 
quantity of heat has disappeared in performing the work of placing 
the products of explosion in the gaseous state. 

Let] me try to show you how large an amount of heat may be 
absorbed in the conversion of solid matter into the gaseous state. 

You are aware that if a gramme of carbon be burned to carbonic 
anhydride there are about 8000 grm.-units of heat evolved, whereas 
if a gramme of carbon be burned to carbonic oxide, there are only 
evolved about 2400 grm,-units. Now dj priori we may certainly 
suppose that the assumption by the carbon of the two atoms of the 
oxygen should result in equal developments of heat, but you will 
note, from what I have stated, that in the combination with the 
second atom of oxygen about two and a third times more heat is 
developed. Whence, then, comes the difference, and where has the 
heat disappeared which our calorimeter declines to measure ? The 
missing heat may be assumed to have disappeared in performing the 
work of placing the solid carbon in the gaseous state. 

In the case which we have been considering, the oxygen which 
supports the combustion of the carbon is already in the gaseous 
state ; but with guncotton all the gases are, prior to combustion, in 
the solid state. Their approximate weights are exhibited in the 
following table : — 


Table 1. — ShoiDing the composition and metamorphosis of pellet guncotton. 


Composition. 


Carbon . . . . 

24*89 

Hydrogen 

2*69 

Nitrogen . . . . 

13*04 

Oxygen ... . 

56*66 

Ash .. .. . 

0*36 

Moisture . . , . 

Formula— C6H^3(N 02)05. 

2*36 


Products of Explosion. 


Carbonic anhydride . 

„ oxide . 

. 0*424 

. 0*280 

Hydrogen 

. 0*011 

Nitrogen . 

. 0*145 

Marsh-gas 

, 0*003 

Water 

. 0*116 

Original moisture 

. 0*021 


Carbonic oxide and anhydride, nitrogen, hydrogen, aqueous 
vapour, and a little marsh-gas, are the products of explosion, and 
their quantities are such that a kilog. of guncotton, such as that 
■with which Sir F. Abel and I have each made so many experiments, 
will produce, when the gases are reduced to atmospheric pressure and 
to a temperature of 0° Cent., about 730 litres. In this volume the 
water produced by the explosion is not included, being at that 
temperature and pressure in the liquid form. In estimating either 
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the pressure exerted on the walls of the close vessel, or the potential 
energy of the gimeotton, we have to add to the work done, that is, 
to the heat absorbed by the great expansion from the solid state 
into the number of volumes I have indicated, the potential energy 
due to the heat at which the reaction takes place. 

As might be expected from the definite nature of the chemical 
constitution of guncotton, the constituents into which it is decom- 
posed by explosion do not very greatly vary; the chief point to be 
observed being that the higher the tension at which the explosion 
occurs, the higher is the quantity of carbonic anhydride formed, that 
is, the more perfect is the combustion. 

Gunpowder, the last and most important example I shall select, is 
also by far the most difficult to experiment with, as well as the most 
complicated and varied in the decomposition which it undergoes. 

To begin with, it is not, like guncotton, nitro-glycerine, and other 
similar explosives, a definite chemical combination, but is merely 
an intimate mixture, in proportions which may be varied to a con- 
siderable extent, of those well-known substances, saltpetre or nitre, 
charcoal, and sulphur ; and in this country the proportions usually 
employed are 75 parts of saltpetre, 10 of sulphur, and 15 of charcoal. 
They do not during manxxfacture undergo any chemical change, and it 
is perhaps owing to this circumstance that gunpowder has for so many 
generations held its place as the first and principal, indeed almost the 
only, explosive employed for the purposes of artillery and firearms. 

One great advantage for the artillerist which gunpowder possesses 
in being a mixture, not a definite chemical combination, is that 
when it is fired it does not explode in the strict sense of the word. 
It cannot, for examjDle, be detonated as can guncotton or nitro- 
glycerine, but it deflagrates or burns with great rapidity, that 
rapidity varying largely with the pressure under which the explosion 
is taking place. As an instance of the difference in the rate of 
combustion due to pressure, we have found that the time necessary 
for the combustion of a pebble of powder in free air is about two 
seconds. The same pebble in the bore of a gun is consumed in 
about the jxart of a second; but a more striking illustration of 
the effect of pressure in increasing or retarding combustion is shown 
by an experiment devised by Sir F, Abel, and which by his kindness 
I am able to repeat. It consists in endeavouring to burn powder 
in vamco, and you will see for yourselves the result of the experi- 
ment. The powder refused to explode. 

But although the composition of gunpowder is in this country 
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approximately what I have said, the requirements or experiments 
of the artillerist have for certain purposes modified in a high degree 
both the constituents and the physical characteristics of gunpowder. 

In the following table are exhibited the composition of the 
numerous powders with which Sir F. Abel and I have experimented ; 
and the samples which I have upon the table, many of which will 
be new to some of you, illustrate the irregular forms into which we 
mould the mixture, which by a misnomer we still call gunpowder. 
Here you see the forms with which all are familiar, and which 
are called fine grain and rifled fine grain. Here, a little larger, you 
see rifled large grain, which at the introduction of rifled guns was the 
powder then used. Here these small lumps are called pebble-powder, 
and this powder is that generally used in this country with rifled 
guns of medium size. Here is a still larger size of service pebble. 


Table 2 . — Showing the composition of various gunpowders* 
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Saltpetre . 

•8180 

•7783 

•6374 

•7724 

■7883 

•7476 

*7456 

•7391 

•7559 

•7468 

•6192 

Sulphur . 

•0018 

•0028 

•1469 

*0615 

•0204 

•1007 

•1009 

•1002 

•1242 

•1037 

•1506 

Charcoal , 

•1671 

•1972 

•2018 

•1543 

•1780 

•1422 

1 -1429 

*1459 

•1134 

•1378 

•2141 

Water 

! 

•0181 

•0217 

•0139 

•0118 

•0133 

•0095 

*0106 

•0148 

•0065 

•0117 

•0161 


This form, prismatic, differing from the others both from its 
regular shape, and from the hole or holes traversing the prisms, is 
perhaps the most convenient form in which powder can be made up 
in large charges, while these blocks exhibit still larger masses, 
representing powders which have been used with success in very 
large guns. The object of the holes in the prismatic and other 
powders, is to obtain more uniform production of pressure to ensure 
the more complete combustion of powder by increasing the burning 
surface, as the prism is consumed, and consequently diminishes in size. 

I draw your particular attention to these samples, because I 
shall have, before I conclude, something to say about them. You 
will observe that they are in the prismatic form, and that they differ 
from the other prisms, with which you can compare them, in being 
brown in colour instead of black. 

Let us now apply a light to trains of different natures, and to 
some other samples of powder— experiments which I daresay at one 




532 


HEAT-ACTION ©F^ EXPLOSIVES 


time or another yon have made for yourselves — and observe the result. 
You will note, in the first place, that an appreciable time is taken by 
the flame to pass from one end to the other ;, but you will also note 
an essential difference between this combustion and that I showed 
you a short time ago with guncotton, viz., that there is a large quan- 
tity of what is commonly called smoke slowly diffusing itself in the air. 

Now this so-called smoke is really only finely-divided solid 
matter existing as a fluid, or volatilised only to a very slight extent 
at the moment and temperature of explosion, and if, adopting means 
which I shall presently describe to you, we had exploded in a close 
vessel the powder which we have just burned m the air, and allowed 
the vessel to stand for a few minutes, the products would be divided 
into two classes— one, a dense solid, generally very hard, and always 
a disagreeably smelling substance ; the other, colourless gases, the 
odour of which is, I must confess, not much more fragrant than that 
of the solid matter to which I have referred. 

These large bottles on the table contain a portion of the so-called 
smoke of a charge of 15 lbs. of powder, collected in the manner I 
have described, in a closed vessel. You will see it is a very solid 
substance indeed but as these products are sometimes very protean 
in their characteristics, I have upon the table one or two other 
specimens of these residues differing considerably in appearance. 

I have also in this steel vessel the products of combustion of 
2 lbs. of powder. I shall not now let the gases escape; but after 
the lecture shall be glad to do so for the benefit of those who have 
no objection to a disagreeable smell. 

If the gases produced by the combustion be analysed, they will 
be found to consist of carbonic anhydride, carbonic oxide, and 
nitrogen, as principal constituents, with smaller quantities of 
sulphhydric acid, marsh-gas, and hydrogen, with — this point depending 
much on the constitution of the charcoal — always small quantities, 
and occasionally considerable, of aqueous vapour. 

The solid substances are found to consist of, as principal ingredi- 
ents, variable quantities of potassium carbonate, sulphate, and 
sulphides, with smaller quantities of sulphocyanate, and ammonium 
sesquicarbonate. 

The annexed table shows by weight the products of eombustion 
in the different powders examined by Sir F. Abel and myself, and I 
call your special attention to the considerable variations in the 
decomposition of powders which are intended practically to have the 
same chemical constitution. 



Table 3. — Showing the decomposition of the powders in Table 2* 
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Considerations sucli as are suggested by tMs table led Sir F. Abel 
and myself to make a statement which has been somewhat misunder- 
stood, and which has been the subject of a good deal of controversy, 
viz,, that, except for instructional purposes, but little accurate value 
can be attached to any attempt to give a general chemical expression 
to the metamorphosis of a gunpowder of normal composition. 

ITow by this statement, to which, after many years of research^ 
we most emphatically adhere, we . did not mean to say that, given 
precisely the same conditions, the same products would not follow ; 
but we did mean to say that the circumstances under which gun- 
powder, nominally of the same composition, nmy be exploded, are so 
varied — the nascent products may find themselves under such varied 
conditions both as to pressure, temperature, and the substances with 
which they find themselves in contact — this last point depending much 
on the physical characteristics of the powder— that it is not wonder- 
ful if considerable variations in the products ensue. 

I need only refer in illustration of my remarks to the very 
interesting decomposition experienced by cocoa-powder. Observe the 
very small quantity of carbonic oxide, and the large quantity of water 
formed, while the solid constituents are reduced in number to two. 

Let me now call your attention to another point. The table 
giving the decomposition of gunpowders shows also the ratio between 
the weights of the solid and gaseous products; but it is necessary 
that we should know the volume of the gases at ordinary tempera- 
tures and pressure. A kilog,, then, of these powders, at a tempera- 
ture of 0"" Cent, and a barometric pressure of 760 mm., would give 
rise to the following quantities of gases : — The numbers in the table 
expressing litres per kilog., or c.c. per gramme of powder exploded. 


Table 4. — Shotmng the volumes of perma7ient gases evolved hg the combustion 
of 1 gramme of the undermentio7ted powders. 
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That is to say Assuming that a kilog. of each of these powders 
occupied a decimetre cubed, the figures in the table represent for each 
description of powder the number of similar volumes occupied by the 
liberated gases when at the temperature and pressure I have named. 
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I liave^ in tlie case of each explosive that I have clescrihed, given 
to you the number of heat-units produced by the explosion. Follow- 
ing the same course with these powders, the number of grin. -units 
of heat evolved by the combustion of a gramme of each of the 
powders with which we have experimented is given in Table 5. 


Table 5. — Showing the units ofhmt emhed hg the comhustion ofl gramme 
of *the undermentioned powders. 
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As in the case of the quantity of gas, so with the heat evolved ; 
there is a great and similar variation in the units of heat, but with 
this peculiarity — that the powders producing the largest quantity of 
gas invariably evolve the least quantity of ^ ^ ^ 

Take, for example, the last six powders on our list, and observe that 
in every case the volume of the permanent gases is in inverse ratio 
to the units of heat evolved. In fact, if, as is done in Table 6, we 
arrange these six powders in descending order of the number of 
units of heat, and if we place them also in ascending order of the 
number of volumes of gas produced, it will be found that we have 
precisely the same .. arrangement. ■ ' ■ ' 


Table 6. 


Nature of powder. 

Units of heat 
per gramme 
exploded. 

Cubic 

centimetres of 
gas per gramme 
exploded. 

Spanish pellet . , ' ' 

767-3 

234-2 

Curtis & Harvey’s No. 6 .■ 

764-4 

.241-0 

W,A.F.G.' 

738-3 

263-1 

w!AR.L‘a ■■ ■ I ! 

725-7 

274-2 

W. A. pebble . . . 

,721-4 

, 278-3 

Mining' ' . . . . . , . 

616-8 

360-3 


Let me dwell a little longer on, this point Take the powder ' 
which has developed the greatest amount of heat— the Spanish. 
ITote that the amount of heat generated is about 50 per cent greater 
than that developed by the lowest on the list— the mining. On the 
other hand, note that the volume of permanent gases evolved by the 
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miiiiiig powder is aboxit 50 per cent, greater than that given off by* 
the Spanish. ' . 

The products of the volumes of gas and the units of heat evolved 
ill these powders are nearly the same, and, indeed, the remark may 
be extended to the other powders in the list, the products of these 
two munbers not differing very greatly from a constant quantity. 

You will anticipate the deduction I am going to draw from these 
singular facts. 

Assume for a moment, for the sake of simplicity, that these six 
powders have the same composition, but that fortuitous circum- 
stances— their physical condition, for example— have determined; 
the varying quantities of gas evolved, and of heat developed. Assume, 
further— the assumption approximating to the truth — that the 
potential energy of all the powders is the same, and we arrive at the 
conclusion that the smaller number of units of heat, which can be 
measured by our calorimeter in the case of the mining powder, is due 
to the larger amount of heat absorbed in placing the mnch more 
considerable proportion of the products of combustion in the gaseous 
condition. 

Heat, then, plays the whole t6U hx the phenomenon. A portion 
of this heat, to use the old nomenclature, is latent; it cannot be 
measured by our calorimeter ; that is, it has disappeared or been 
consumed in performing the work of placing a portion of the solid 
gunpowder in the gaseous condition. A large portion remains in 
the form of heat, and, as we shall see latei’, plays an important part 
in the action of the gunpowder on a projectile. 

Turn now to the temperatures and pressures which will be 
developed when the various explosives we have been considering are 
fired in a close vessel. 

If we suppose the two first explosives described, viz., the mixtures 
of hydrogen and chlorine and the mixtures of hydrogen and oxygen, 
to be at atmospheric pressures when fired, both the theoretic 
temperatures of explosion and the resultant pressures may be 
affected to some extent by dissociation, which, I need hardly say, 
acts in the direction of reducing both the . temperature and the 
pressure. ■ ■ ■ ■ 

Little or nothing is known of the extent to which dissociation 
takes place at the very high temperatures produced by the gases we 
are discussing. That extent, whatever it may be, will doubtless be 
largely reduced as the tension at which the explosion is carried on 
is increased. 
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If we suppose no dissociation to take place, and the gases to 
follow the laws of Boyle and Guy Lussac, a temperature of about 
4500"^ Cent, will be reached by the explosion of the mixture of 
chlorine and oxygen, and a temperature of about 8000° Cent, by the 
mixture of hydrogen and oxygen, while the pressures reached will 
be respectively about 17 and 20 atmospheres. 

You will note how feeble are the pressures compared with those 
with which we have to deal in the case of the explosives to which I 
now come. The mixed gases could, of course, prior to their detona- 
tion, be highly condensed, but the difficulties attending the use of 
such explosives in tire condensed form, whether for artillery or 
industrial purposes, would be insmmountable. 

Before entering upon the temperatures and pressures developed 
by the explosion of guncotton and gunpowder, as the data I shall lay 
before you are chiefly derived from experiments made by Sir F. Abel 
and myself, it may be well to describe, as briefly as possible, some of 
the apparatus employed by us in our researches. 

These diagrams (Figs. 1 and 2) represent two of the vessels 


Fig. I. 



in which the explosions were made, one being a very large one, 
reinforced by steel ribbon, and open at both ends. The two open 
ends being closed by screw-plugs, the plugs themselves being fitted 
with special arrangements, with the details of which I need not 
trouble you, for preventing the escape of gas past the screws of the 
plugs. In one of the plugs is fitted a small instrument called a 
crusher-gauge, the object of which is to determine the pressure 
existing in the -chamber at the instant of explosion. In the other 
plug is fitted an arrangement by which the charge is fired by 
electricity without any communication with the external air by 
which the products of explosion can escape. 

Although not belonging to my subject, I may here mention a 
very singular accident which on one occasion happened in using this 

bb'Y' 
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Yessel, and which explains accidents which have occasionally 
happened with the B. L. guns. I was experimenting with large 
charges of powder. The end of the vessel was placed against a 


Fic.2. 



wrought-iron beam. The screw — a half -inch pitch— being a very 
good fit, was screwed into its place with much difficulty, and with 
the use of a good deal of oil. On firing, the screw unscrewed, I need 
scarcely say in a very minute part of a second, until the last two 
threads were reached. These were sheared. Owing to the wrought- 
iron beam, which, by the way, the canted end of the screw knifed as 
neatly as if it had been done in a lathe, there was no motion 
of translation, but the motion of rotation was so high that the 
screw, first striking the ground and then an ii’ou plate at an angle 
of 45°, went vertically into the air with a singular humming noise, 
descending in about 30 seconds a few feet from the place from 
which it rose. 

The accident, unexpected as it was, is not so difficult to under- 
stand if you remember that the screw was, so to speak, floating in 
oil, and that the expansion of the cylinder under the high pressure 
would remove nearly all the friction I have mentioned. 

The other vessel is used for smaller charges, and you will observe 
that on it is shown the arrangement for letting the gases escape, 
either for the analysis, measurement of quantity, or other purposes. 

It may serve to illustrate the progress that has been made in 
artillery, if I mention that thirty years ago the largest charge then 
used in any gun was 16 lbs. of powder. The 32-pr. gun, which was 
the principal gun with which our fleets were armed, fired only 10 lbs. ; 
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but I have fired, and absoliitely retained in one of these vessels, no 
less a charge than 23 lbs. of powder and 5 lbs. of guncotton. 

The gauge, which I have called the crusher-gauge, is here shown 
(Fig. 3), Its action is easily understood. The gas acting on the ex- 
posed surface of the piston crushes 
the copper c}dinder on which the Fig, 3. 

piston rests, and by the amount of 
the crush the value of the pressure 
can be determined. 

Under certain circumstances 
great care is necessary in the use 
of these gauges. 

With guncotton, for example, 
with large charges, or high density 
of charge, or when the guncotton crasher-gauge, 

is detonated, the products of ex- 
plosion may be projected with an enormous velocity against the 
piston. In such a case the pressure indicated 'would not be the true 
gaseous pressure— such I mean as would exist were the products of 
explosion retained in a vessel impervious to heat until the violent 
waves of pressure generated by the ignition had subsided— but to 
this true gaseous pressure would be superadded a portion of the 
energy stored up in the products of explosion, which we may consider 
in the light of small projectiles striking the gauge and impressing 

their energy upon it. In our 
earliest experiments on guncotton, 
our results, as far as pressure was 
concerned, were found to be value- 
less from this cause, and we resorted 
to various plans to avoid this incon- 
venience, the most effectual of which 
is shown here (Fig. 4), the gases 
being admitted to act on the piston 
only through an exceedingly small hole, thus shielding the piston 
from the waves of pressure to which I have alluded. 

Even with gunpowder, if the pressures be very high, greater 
pressures than the true ones may be indicated from the energy imparted 
to the piston during the space it passes through in crushing the 
copper, and the most accurate results will he obtained if, prior to the 
experiment, the coppers be crushed to indicate a pressure a little 
short of that expected. 
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In most of the important experiments with guneotton, a crusher^ 
gange with an imshielded head was placed at the further extremity 
from the point of ignition. The pressure indicated by this gauge 
denoted that due to the wave I have described. Two or three other 
gauges with shielded heads were employed in other portions of the 
cylinder to indicate the true gaseous pressure. 

Let me give an example to show the effect of this arrangement. 

^ A charge of about 3*5 lbs. of guncotton was fired in a cylinder 
with the crusher-gauges arranged as I have said. Two of the crusher- 
gauges admitted the gas to the piston through an aperture of only 
0*01 inch in diameter ; another admitted it through an aperture four 
times as great, or 0*02 inch in diameter, while the crusher-gauge 
exposed to the wave-action had its aperture of the full diameter. 

The pressures indicated by the first three gauges were respectively 
25*6, 26, and 27*1 tons on the square inch, but that given by the 
gauge at the end of the chamber indicated a pressure of about 45 tons 
on the square inch, or nearly 7000 atmospheres. On another occasion 
the pressures indicated by the first three gauges were respectively 
32*4, 32, and 33*8 tons per square inch, while the pressure indicated 
by the gauge exposed to the wave-action was 47 tons. 

Again, when a charge of nearly 5 lbs. of guncotton was exploded, 
the pressures denoted were 45*4, 45*9, and 43*8 tons, while that of 
the exposed gauge was 54 tons per square inch, or about 8200 
atmospheres. 

Many more examples might be given, but I must not weary you 
with dry figures ; my object in inflicting so many on you is to show 
that, where properly protected, the crusher-gauge may be relied upon 
to give very accordant results. 

As might be expected from the very different quantities of heat 
developed by the explosion of different natures of gunpowder to 
which I have recently drawn your attention, the temperature at 
which that explosion takes place likewise varies considerably. 

Calculation places the temperature of explosion of ordinary 
English powder at a little above 2000° Cent., and the direct experi- 
ments I have been able to make confirm this estimate. I have 
submitted to the action of large charges sheet-wire platinum and 
iridio-platinum. In all cases the platinum showed signs of fusion ; 
in one case— that of a powder known to produce a high temperature 
—the platinum was completely fused. 

The temperature of explosion of guncotton is at least double that 
of gunpowder, and all the internal apparatus we have used bears 
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notable signs of the extraordinarily high heat to which they have been 
exposed, as well as to the extreme violence of the reaction. 

Platinum wire and sheet either disappear altogether or are found 
in minute globules welded on to the surfaces of the apparatus. The 
internal crusher-gauges and all projecting parts of the apparatus 
present, when considerable charges are used, have a most extraordinary 
appearance. The tempqjrature to which the cold surfaces are suddenly 
exposed develops on the surface a network of minute cracks, which 
sometimes present the appearance of being filled up with fused steel. 

When the charges are very dense, and, owing to that density, the 
transformation takes place with extreme rapidity, or when the gun- 
cotton is exploded by fulminate of mercury, it frequently happens 
that small portions of the surface are flaked off. Crusher-gauges are 
sometimes broken transversely, as are also the nozzles of any parts 
of the apparatus projecting into the chamber. 

Portions of the apparatus, in no way exposed to the direct action 
of the guncotton, are sometimes fractured in the most singular 
manner ; while the correctness of our assumption as to the violence 
of the internal disturbance — I mean as to the waves of pressure 
passing from one end of the chamber to the other, and giving rise to 
local pressure not directly dependent upon the temperature and the 
volume of gas evolved — is evidenced by the internal gauges always 
showing unmistakable signs of having been knocked about with 
great force ; a result which does not obtain when gunpowder is the 
explosive employed. 

Crusher-gauges, and other portions of our apparatus that have 
been damaged as I have described, are on the table. 

Let me draw your attention to some of the evils attendant upon 
a very high temperature of explosion. 

I have described to you some of the more striking effects of the 
high temperature of the explosion of large charges of guncotton on 
surfaces exposed to its action. But even when these remarkable 
effects are not shown, as for example when smaller charges are 
employed, and the cooling influence of large surfaces has more 
influence, the surfaces stiU frequently show by minute globules of 
metal that they have been in a state of fusion, and these indications 
are quite perceptible with gunpowder as well as with guncotton. 

The very high charges now employed (830 lbs. have been fired in 
a single charge from a 100-ton gun and 300 lbs. from a gun not quite 
25 tons in weight), and the relatively very long time during which 
the high pressure and temperature of the explosion are continued 
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have aggravated to a very serious extent the evils due to erosion, 
and the consequent rapid wear of the bores of guns, I have 
mentioned that at the moment of explosion the surfaces of the gun 
in the vicinity of the charge are in a state of fusion. You will readily 
understand that heated gases passing over these fused surfaces at a 
high velocity and pressure absolutely remove that surface, and give 
rise to that erosion which is so serious an evil in guns where large 
charges are employed. 

Suppression of windage — that is, making the projectile an exact 
fit to the bore, does much to diminish, but will not remove erosion 
•altogether. The importance of the subject led^Sir F. Abel and myself 
to make special investigations into the erosive qualities of some of 
the powders with which we have experimented. As might be 
expected, the erosive effect varies in a very high degree with the 
pressure of the eroding gases, but we were hardly prepared for the 
great difference in erosive effect between powders varying but slightly 
in the pressures they generated. For example, the powder giving 
the highest destructive effect eroded steel under the same pressure 
between three and four times as rapidly as another powder capable 
of giving to a projectile the same ballistic effect. 

The two tubes I hold in my hand show the comparative erosion 
of precisely similar charges of two several powders. You will have 
little difficulty, even from where you sit, in observing the difference 
in their erosive action. Unfortunately, so far, powder-makers have 
not succeeded in giving us a powder at once suitable for artillery pxir- 
poses and possessing the non-eroding quality so greatly to be desired. 

As you will perhaps surmise, although erosion does not appear 
simply to depend on the temperature of explosion, the gunpowder 
which gives the least erosion is that which produces the largest 
quantity of gas and develops the least heat. With the same tem- 
perature of explosion, to avoid serious erosion the pressure should 
be kept as low as possible ; and before leaving this part of my 
subject it may not be out of place to enumerate one or two of the 
causes which have made gunpowder so successful an ^^agent for the 
purposes of the artillerist, which have enabled it, the oldest of all 
explosives, to hold its own as a propelling agent against the 
numerous rivals with which modern science has so lavishly fur- 
nished us. 

In the first place, then, gunpowder, as I have already mentioned, 
is a mere mixture, not a definite chemical combination. The rapidity 
of its combustion, it is true, increases very rapidly with the pressure ; 
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but it is free, or nearly so, from that intense rapidity of action, and 
from those waves of local pressure which are so marked with gun- 
cotton, nitro-glycerine, and other kindred explosives, when fired in 
large charges. 

2. The temperature at which the reaction takes place, although 
absolutely very high, is, if compared with guncotton, for instance, 
very low; and this, as you will gather from the remarks I have 
already made, is a point of great importance when the endurance of 
a gun is taken into account. 

It is perhaps hardly necessary for me to say that I am not one of 
those who advocate or recommend the use of gunpowder giving very 
high initial tensions. Did we follow such a course, we should lose 
much and gain little. The bores of our guns would be destroyed in 
a very few rounds. There is no difficulty in making guns to stand 
pressures very much higher than those to which we normally subject 
them, but then they must be in a serviceable condition. Nine-tenths 
of the failures of guns with which I am acquainted have arisen, not 
from inherent weakness of the guns when in a perfect state, but 
from their having, from one cause or another, been in a condition in 
which they were deprived of a large portion of their initial strength. 

If to these considerations I add that with a given weight of gun 
a higher effect can be obtained, if the maximum pressure be kept 
within moderate limits, I trust I have said enough to vindicate the 
correctness of the course which the gunmakers of the world have, so 
far as I know, without exception followed. 

Another advantage possessed by gunpowder over the class of 
explosives with which I am now comparing it, is the comparative 
slowness with which the pressure is produced. You are aware that 
the strength of a structure is much more severely tested when the 
load or strain to which it is subjected is applied suddenly ; so far as 
my experience goes, guns do not, to any appreciable extent, suffer 
from the suddenness with which gunpowder tensions are aj)plied, 
except ill a few isolated cases of exaggerated wave-action. But 
there is no question in my mind that, unless some means of certainly 
moderating the violence of this action be discovered, both nitro- 
glycerine and guncotton would from this cause strain the structure 
of a gun in a higher degree than is due to the pressure actually 
applied. There is another advantage on which I shall have some- 
thing to say when I come to the energy developed by gunpowder, 
and that is, its more uniform action, due to the presence of solid 
matter in a finely-divided form, which, acting as a source of heat 
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compeiisates for the cooling due to the work done by the 

expansion of the permanent gases. 

The theoretic pressure developed by guncotton, the whole of the 
products produced by the explosion being in the gaseous state, is not 
difficult to calculate. For, having measured by simple means, which 
I shall not stop to describe to you, the guncotton being first exploded 
at a high pressure, and the gases suffered to escape into a gasometer, 
the measured quantity being subsequently reduced to 0° Cent, and 
760 mm, pressure, and knowing, at all events approximately, the 
temperature of explosion, we are in a position to calculate the pres- 
sure at any assumed density. > 

It has been considered by some authorities that, seeing the high 
temperature at which the explosion of gunpowder, and, in a much 
higher degree, that of guncotton, takes place, the pressures indicated 
by theory will be much altered by dissociation. For example, that 
the carbonic anhydride will be split into carbonic oxide and oxygen; 
Let me point out that supposing such dissociation to take place, the 
resultant pressure will, as in every case of dissociation, be mitch 
reduced, notwithstanding that at ordinary tempei'atures and pressures, 
the carbonic oxide and oxygen occupy a much larger volume than 
does their combination into carbonic anhydride. 

The cause of this reduction of pressure is the heat absorbed by 
dissociation, and I should not now have alluded to the subject had 
it not occasionally been assumed that dissociation might increase 
the pressure of fired gunpowder. This it can never do, and, seeing 
the influence that pressure may be taken to have in counteracting 
the effects of temperature with regard to dissociation, Sir F. Abel 
and I— although it is dangerous to be too dogmatical with respect to 
reactions occurring under conditions so enormously beyond the range, 
both as regards temperature and pressure of ordinary experience- 
are inclined to think that both with regard to guncotton and gun- 
powder the effects of dissociation, if they exist at all, are practically 
inappreciable. At all events, the actual pressures as measured, both 
in the case of guncotton and gunpowder, are certainly not below 
those required by theory. 

Another point requires mention. The explosion of gunpowcler 
is generally, either iii the bore of a gun or in a close vessel, extremely 
rapid; but rapid as it is, when small charges are fired in a large 
vessel, there is a considerable reduction of pressure from the cooling 
effect of the vessel, owing to the great difference of temperature 
between the ignited powder and" the vessel. 
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With guneotto^^ difference is mnch more marked, hotli 
because the weight of the explosive employed in experiments is much 
less and the temperature of explosion is much higher. 

Between charges of a few ounces and a few pounds, for instance, 
of the same gravimetric density, there is a very marked difference 
of ■'■pressure. ■ ' '.' ,,■.■ 

The actual pressure reached by the explosion of guncottons 
experimented with by Sir F, Abel and myself, assuming the gravi- 
metric density of the charge to be unity, would be between 18,000 
and 19,000 atmospheres, or,»say, 120 tons on the square inch. 

The pressure I have indicated has not, I need hardly say, been 
reached in our experiments, both because we should have had great 
difficulty in making a vessel to stand such pressures, and because 
charges of such density would not readily be placed in the vessels. 

The highest pressure actually recorded with a density of 0*55 
was a little over 70 tons on the square inch. The internal gauges 
were entirely destroyed by the explosion, and the pressure indicated 
by the gauge which was not destroyed in the vessel itself, is subject 
to some deduction, due to the energy of the gases to which I have 
already more than once alluded. 

'* The pressures attained by exploded gunpowder are not nearly so 
high. ; 

Taking the same density of unity, the pressure in a closed vessel 
with ordinary powder reaches about 6500 atmospheres, or about 43 
tons on the square inch. We have found it possible to measure the 
pressures due [to the explosion of charges of considerably higher 
density, and have observed pressures of nearly 60 tons with a 
density of about 1*2, although the great difficulty of retaining the 
products of explosion of heavy charges of gunpowder— it is far 
easier to retain the products of explosion of guncotton than of 
gunpowder— makes the determination a little doubtful. 

It is unnecessary to point out the great advantage, when violent 
explosions or disruptive effects are required, which guncotton and 
its kindred substances possess over gunpowder ; on the other hand, 
gunpowder has as yet, despite some disadvantages, no competitor 
which can be compared with it as a propelling agent for artillery 
purposes ; at all events, in eases where large charges are requisite. - 

We have now found, in the case of each of the four explosives 
which I have taken as types: First, the volume of the gases 
developed by the explosion ; second, the amount of heat generated; 
third, the temperature of the various products; fourth, the pressure 
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existing nnder given conditions of density. We are, tlieBj now in 
a position from the known laws of thermo-dynainics to deduce 
theoretically what will he the energy developed if the products of 
explosion be allowed to expand, to any given extent, and what will 
be the total work they are capable of performing if suffered to 
expand indefinitely. : 

The products of the combustion of the first three of ™iy explosives 
being practically all gaseous, the same method of calculation would 
be followed in each case, and as this method in a much more com- 
plicated form has also to be employed in considering the expansion 
of gunpowder in the bore of a gun, I shall, in this part of my subject, 
confine my remarks to gunpowder as being at once the most difficult, 
the most suggestive, and the most important. 

But before going to the theoretic considerations involved, you 
may desire to know whether any, and if so, what, experimental means 
have been adopted to ascertain in a practical manner, the energy 
developed by an explosive in the bore of a gun. 

Now several means have been adopted for this purpose; one 
method has been to employ a gun of different lengths of bore, and 
by measuring the velocity of a projectile fired with a given charge 
from three different lengths, to deduce both the energies and the 
mean pressures giving rise to these energies. 

Another method has been by certain arrangements — by the use, 
for example, of the crusher-gauges I have described, or by the use of 
similar instruments placed at different points along the bore — to 
ascertain by direct measurement the pressure existing at such 
points, and from these pressures to deduce both the velocity of the 
projectile and its corresponding energy at these points. The 
objection to this mode of procedure is that, although the crusher- 
gauge may, under ordinary circumstances, and with slow-burning 
powder, be relied upon to give very correct indications of pressure in 
the powder-chamber, it cannot be relied upon as accurate when the 
gases or other products of explosion are in rapid motion. 

Suppose, for example, a crusher-gauge, or other similar instru- 
ment, to be applied at a point near the muzzle of a gun, when the 
projectile is passing at a very high velocity, say 2000 feet per second. 
Now it is obvious that the layer of gas in contact with the projectile 
is endowed with the same high velocity, and if it be diverted so as 
to act on a pressure-gauge, the pressure-gauge will indicate not only 
the actual gaseous pressure, but an unknown additional quantity 
due to the energy of the moving products of combustion. 
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It was from this cause, aggravated, no doubt, by a defect in Ms 
pressure-guage, that Eodman, the pioneer of this mode of investiga- 
tion, determined pressures, tolerably accurate, in the powder-chamber, 
but which along the bore were so much in excess of the truth that 
in some cases his pressures, plotted down so as to form a curve, 
indicated energies three times as great as those actually developed 
in the,, projectile., , 

A third method followed has been by means of a chronoscope, 
designed to measure very minute intervals of time, to ascertain the 
times at which a projeetile»passes certain fixed points in the bore. 

From these data» we may deduce the velocities at all points of 
the bore, and may again from them calculate the pressures necessary 
to produce them. As the chronoscope that has been used for these 
experiments has been often described, I shall not detain you by 
explaining either the mechanical or electrical portions of the instru- 
ment, hut, as bearing on thermo-dynamics, I may mention an 
experience in my earlier investigations with this instrument which 
may be new to you, as it then was to me. I wished to dispense 
with the toothed gear for driving certain discs, and I had imagined 
if two sheaves or pulleys of equal size were connected by a belt so 
arranged that the belt would not slip on either sheave, that the two 
pulleys must then be rotating with the same angular velocity. 
Such, however, is by no means the case. In my own experiments 
the velocities differed greatly. I supposed the fact to be altogether 
new, but, as sometimes happens to most investigators, afterwards 
found that the anomaly had been before observed, and was due to 
the elasticity of the driving-belt I used, and that the work im- 
pressed on the driving-wheel, but not communicated to the driven, 
was transformed into heat absorbed by and dissipated from the 
.belt., , . 

Ee turning now to the experimental methods I have described, I 
may say shortly, that the whole of them have been followed, and the 
results obtained, subject to some anomalies which I shall stop 
neither to describe nor explain, have been carefully compared, and 
have been found to agree in a most remarkable manner with the 
results indicated by theory.. 

And, for the sake of clearness, let me recapitulate the problem 
with wMch we have to deal. Suppose a charge of gunpowder placed 
in the chamber of a gun. Suppose the gravimetric density of the 
charge to be unity, that it is fired, that it he completely exploded 
before the shot be allowed to move, what, immediately prior to the 
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shot being permitted to move, state of things in the powder- 
ehamber?',, 

Eonghly speaking,, it is as follows : — 

The products of explosion are divided into two classes of sul> 
stances, about two-fifths by weight of the powder being in the form 
of permanent gases and three-fifths solid matter, the solid matter 
being perfectly liquid at the moment of explosion, and in an extremely 
fine state of division. By the combustion is generated some 730 
units of heat. The temperature of the explosion is about 2200*" Cent., 
or about 4000° Fahr., and the exploded powder exercises a pressure 
of about 6500 atmospheres, or about 43 tons pei* square inch, against 
the walls of the chamber and against the projectile. 

Let us now suppose that the projectile which we have hitherto 
supposed to be rigidly fixed, is allowed to move ; that is, that the 
products of combustion are suJBfered to expand, and let us consider 
what are the relations existing between the density of the gases, the 
pressure they exert, and the velocity of the projectile. 

The first person who attempted to solve this question was Hutton. 
He, however, supposed, as it was not unnatural to do in the then 
state of knowledge, that the tension of the inflamed gases was 
directly proportional to their density and inversely as the space 
occupied by them. In other words, he supposed that the expansion 
of the gases, while performing work, was effected without expenditure 
of heat. 

De Saint Eobert, the first to apply to artillery the modern theory 
of thermo-dynamics, corrected Hutton's error, but, like Hutton, he 
supposed that the whole of the products of combustion were in a 
gaseous state, and as such doing work on the projectile. 

Bunsen and ScHschkoff, and their classical researches on gun- 
powder, pointed out that though a slight volatilisation of the solid 
products coukl not be denied, yet that it was in the highest degree 
improbable that the tension of such vapours would ever reach a 
single atmosphere, much less affect the pressures in any appreciable 
degree. 

They therefore assumed that the work done on the projectile was 
due to the expansion of the gaseous products alone, without addition 
or subtraction of heat. 

In the researches made by Sir F. Abel and myself, when we 
found that the pressures in the bores of guns, and the energies 
generated by gunpowder, were far in excess of those deduced from 
Bunsen and Schisohkoff's theory, we came to the conclusion that this 
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difference was due to tlie heat stored up in the solid, or rather the 
liquid, products of combustion. In fact, these products, forming as 
they do with ordinary English gunpowder nearly three-fifths of the 
weight of the powder, being also in a state of very minute division, 
constitute a source of heat of a very perfect eharaoter, and are 
available for compensating the cooling effect due to the expansion of 
the gases on the production of work. 

The formula expressing the relation between the pressure and 
the volume under these new conditions is of a rather complicated 
character, and instead of giving it to you, I have placed on this 
diagram (Fig. 5) a curve showing the relation between the tension 
and the density of the products of combustion when employed in the 
production of work ; and by way of showing you how important a 
part is played by the heat stored up in the solid residue, I have 


Fig. 5. 



Curves showing pressure and work developed "by expansion of gunpowder, lower curve denoting the 
pressure on. Bunsen and SchischkofTs hypothesis, 

placed on the same diagram a curve showing the tension and the 
density calculated on Bunsen and Schischkoff's hypothesis; that is, 
that the energy of the projectile is due to the expansion of the 
gaseous products alone, without addition or subtraction of heat. 

You will observe that in this diagram the tension is represented 
by the ordinates, the expansions by the abscissae, and the energy 
developed by any given expansion is denoted by the area between 
the corresponding ordinates, the curve and the axis of abscissae. 

If this thearetic curve he compared with the curve deduced from 
experiments in the bores of guns, after the charge may be supposed 
to be completely consumed, the agreement is most remarkable, and 
affords ample evidence of the approximate correctness of the. theory. 
Were the curve derived from experiment to be laid down on this 
diagram, the curves, after, as I have said, complete combustion, may 
be assumed to have taken place, are scarcely distinguishable. - 
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In an earlier part of my lecture I stated that I could not agree 
with those who are in favour of the strongest — ^meaning by the term 
the most explosive — powder manufactured. 

To show you the advance that has been made by moving in 
exactly the opposite direction, I have exhibited on this diagram 
(Fig. 6) two guns of precisely the same weight, but differing in date 
by an interval of ten years. One of these guns is designed to fire 
the old-fashioned R L. G. ; the other, modern powders. 

Observe the difference in the appearance of the guns and in the 
thickness over the powder-charge. ® 

These curves, you will note, represent the® gaseous pressure at 


Fig. 6. 



any point in tlie passage of the projectiles through the bore, and 
their areas represent the total energies developed. 

Observe the difference. The maximum pressure in the older is 
nearly double that in the modern gun, while the velocity developed 
by the latter is twice, and the energy not far from three times, that 
of the former; and if we take the foot-tons per inch of shots’ 
circumference to represent approximately the respective penetrating 
powers of the projectiles, the superiority of the modern gun is still 
more apparent. 

I am bound, however, to call your attention to one point. The 
new gun is, as a thermo-dynamic machine, much less efficient than 
the old. You will observe that the charge used with the new gun is 
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just four times that of the old, while the energy realised is barely 
three times as great. This arises chiefly from the fact that although 
the 10-inch gun is absolutely much longer than its rival, it is, taken 
in relation to the charge, much shorter; that is, the gases are 
discharged at the muzzle at a much higher tension. 

If the modern gun were lengthened so that the products of com- 
bustion were discharged at the same tension, the difference in 
efficiency would be insignificant; and this you can readily under- 
stand, since, if we suppose the maximum tension in the modern gun 
increased to correspond with that in the old, the area indicated in 
the diagram would represent the additional energy to be realised by 
the use of an explosive powder; but this additional energy would be 
dearly purchased by the necessity of having to double the strength 
of the gun over the long space occupied by the powder-charge, and 
the same energy could be obtained in a much more economical way 
by adding 2 or 3 calibres to the length of the gun. 

There is another point that must not be lost sight of. In my 
remarks on the explosion of guncotton, I drew attention to the effects 
which followed the waves of pressure resulting from the high velocity 
of the ignited products. With highly explosive powders, especially 
in long charges, similar effects are observed, and in such cases 
pressures have been registered very greatly above those due to the 
normal action of the charge, while these abnormal pressures act 
during so short a time, that they produce an almost inappreciable 
effect upon the motion of the projectile. 

The temperature of the gases of course suffers a considerable 
reduction during the expansion in the bore. If we suppose such a 
gun as I have been just describing impervious to heat, the loss of 
heat due to the work done would be about 400° Cent. It would be 
much greater were it not for the heat stored up in the non-gaseous 
products of combustion. 

It remains to consider the total amount of energy stored up in 
our explosives. 

For the first three we have discussed, the calculation is not 
difficult. Knowing the permanent gases formed, knowing also their 
specific heats at constant pressure and volume, the ordinary laws of 
thermo-dynamics enable us to calculate the total energy which will 
be deYeloped. 

In the case of the most important, gunpowder, the ealculation is, 
as I have already pointed out, somewhat complicated by the non- 
gaseous products. But with this correction, the calculation for 
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gunpowder also is reducible to the same law, (Bemrting to the 
diagram.) 

I have shown you that the energy available for any given 
expansion of a given weight of gunpowder is represented by the area 
contained between the curve, the axis of abscissee and two ordinates, 
the initial, and that corresponding to the density at which the 
products of combustion are discharged from the gun. 

The total energy obtainable if the charge be indefinitely expanded 
is represented by the area contained between the ordinate repre- 
senting the initial pressure, the curve AB, and the axis of abscissae, 
which is a tangent to AB at infinity. * 

Some interesting points may be noted in connection with the 
work developed by gunpowder. 

The total energy stored up in gunpowder is about 340,000 kilo- 
grammetres per kilogramme of powder, or in English measure, a little 
under 500 foot-tons per lb. of powder. 

If we compare this potential energy of 1 lb. of gixnpowder with 
that stored up in 1 lb. of coal, we are- — ^perhaps not unnaturally, being 
accustomed to the enormous pressures developed by gunpowder — - 
somewhat astonished at the results of our comparison. 

The potential energy of 1 lb. of gunpowder is as nearly as 
possible of that of 1 lb. of coal, and At of that of 1 lb. of hydrogen. 
It is not even equal to the energy stored up in the carbon which 
forms one of its own constituents. 

In making this comparison, however, one important point must 
not be forgotten. Gunpowder and other kindred explosives have 
stored up in them the oxygen necessary for the oxidation of their 
carbon and other oxidisable substances, while 1 lb. of carbon in 
burning to carbonic acid has to draw from the air nearly 3 lbs, of 
oxygen, and 1 lb. of hydrogen takes 8 lbs. of oxygen. 

Many persons, deceived by the high pressures developed by 
gunpowder, have imagined that this or other similar explosives 
might be utilised as a motive-power, but the comparison I have 
made will have convinced you of the futility of any such attempts in 
an economical point of view. 

For though, as I have stated, gunpowder contains , the oxygen 
necessary for its own combustion, such oxygen is in a most 
expensive form, while the oxygen consumed by coal, being derived 
from the air, costs nothing* and if we take gunpowder as two 
hundred times more costly than coal, and as possessing only 
•one-tenth of its potential energy, it follows that as an economic 
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source of , power coaL Ims' the advantage by ,■ at^ least two thousand 
to', one.:. 

I have stated that the total theoretic work of gunpowder is a 
little under 500 foot-tons per lb. of powder, but you may desire to 
know what proportion of this theoretic work is realised in modern 
artillery.' , 

Dependent upon conditions with which I need not trouble you, 
the actual energy realised by modern guns varies from about 50 to a 
little over 90 foot-tons per lb. of powder, or, let us say, from about 
a tenth to about a fifth of the total theoretic effect. The total 
theoretic effect, you will remember, supposes infinite expansion, but 
if we compare the energy expressed in the projectile with that due 
to the expansion of the gases, we shall find that since a gun is an 
extremely simple form of a thermo-dynamic engine, the coefficient 
of effect is high. The average may, I think, be taken somewhere 
about 80 per cent. It rarely falls below 70 per cent., and is occa- 
sionally, with large guns and charges, considerably above 90 per cent. 

But I must conclude both my own lecture and the series for this 
year. 

I regret that it has not fallen to the lot of an abler and more 
practised lecturer to give the concluding lecture of a course on so 
important and interesting a subject as that upon wMch my pre- 
decessors and I have addressed you. None can be more painfully 
aware than I am that I have been unable to make my lecture worthy 
either of my subject or my audience, and I can only plead, in 
extenuation, that I had no idea that I was to he called upon until I 
saw my name announced to give the concluding lecture of the course, 
and that business claims have utterly prevented my giving the time 
to the subject which its importance demands. 

Were it necessary to urge upon your attention the claims of the 
iiiodern science of thermo-dynamics, I might take, as perhaps the 
most striking instance, the progress of artillery during the last 
quarter of a century. 

Twenty-five years ago our most powerful piece of artillery was a 
68-pr., throwing its projectile with a velocity of 1570 feet per second. 

Now the weight of our guns is increased from 5 tons to 100, the 
projectile from 68 lbs. to 2000, the velocities from 1600 feet to 
2000 foot, the energies from 1100 foot-tons to over 52,000 foot-tons. 

as these figures are, and astonishing as are the energies 
which in a small fraction of a second we are able to impress on a 
pro]‘ectile of nearly a ton weight, they sink into the most absolute 
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insignificance when our projectiles are compared with other pro- 
jectEes, velocities, and energies existing in nature, and with which 
we find ourselves surrounded. 

Hehnholtz has given an estimate somewhere of the heat that 
would be developed if our earth were suddenly brought to rest, but 
if, looking at our earth in an artillery point of view, and following 
the principles I have to-night laid down, we Considered our earth as 
an enormous projectile, and if we supposed further, that we could 
utilise the whole energy stored up in gunpowder, we should yet 
require a charge 150 times greater than its own weight, or 900 times 
greater than its volume, to communicate to the* earth her motion in 
her orbit. 

It only remains to me to thank you for the attention with which 
you have listened to a lecture which, from its teolmical nature, must 
necessarily be somewhat dry and uninteresting. 
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MEGHAmCAL SCIENCE IN EELATION TO THE 
NAVAL AND MILITAEY SEEVICES 

(^Address to ths Mechanical Science Section of the British Association, 

Leeds, 1890.) 

In taking over tlie Chair of this Section from my distinguished pre- 
decessor, I cannot but feel myself to some extent an intruder into 
the domain of mechanical science, and I am conscious that the office 
which I have the honour to hold would have been more worthily 
filled by one of the great mechanicians who have won for the town 
in which we hold our meeting so widespread a reputation. 

I can truly say the claims on my time are so considerable that I 
.should not have ventured to appear before you in the character of 
President of this Section, had it not been for my desire to afford 
what little support might be in my power to my friend the President 
of the British Association, with whom for so long a period I have 
been associated by so many ties. 

I believe I should have consulted best both my own feelings and 
jour patience by merely opening the Section in a formal manner, 
and proceeding at once to the business of the meeting. One of my 
predecessors, however, has pointed out that Sir F. Bramwell, whose 
authority is too great to be disputed, has ruled that to depart from 
the time-honoured practice of an address is an act of disrespect to 
the Section — a ruling which has, without cavil, been accepted, 

I therefore propose to direct your attention, by a few brief 
remarks, to that branch of mechanical science with which l am best 
acquainted. I shall endeavour to show the great indebtedness of tlie 
naval and military services to mechanical science during the period 
with which I have been more or less connected with them, and the 
complete revolution which has in consequence resulted in every 
department and in every detail. 
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Blit before comiiiencing with my si3ecial subject, it is impossible 
that I should pass over in silence the great work which has excited 
so much interest in the engineering world, and which, since we last 
met, has, with formalities worthy of the occasion, been opened by 
the Prince of Wales. 

It is in no way detracting from the merit of the distinguished 
engineers who have with so much boldness in design, with such 
an infinity of care in execution, with so much foresight in every 
detail, given to the country this great monument of skill, if I venture 
to point out that, without the great advance of mechanica-l and 
metallurgical science during the present generation, and the co-* 
operation of a host of workers, a creation like that of the Eorth 
Bridge would have been an impossibility. 

The bridge has been so frequently and so fully described that it 
is xmnecessary in this address I should do more than draw your 
attention to some of its main features. 

The bridge, with its approach-viaducts, has a total length of 
8296 feet, or nearly a mile and six-tenths; and this length com- 
prises two spans of 1710 feet, two of 680| feet, fifteen of 160 feet, 
four of 57 feet, and three of 25 feet. 

The deepest foundation is 90 feet below high-water mark, and 
the extreme height of the central position of the cantilever is 361 
feet above the same datum, making the extreme total height of the 
bridge 451 feet. 

The actual minimum headway in the channels below the centre 
of the main spans at high-water spring tides is a little over 150 feet, 
and the rail level is about 6 feet higher. 

The weight of steel, nearly all riveted work, is 54,076 tons, and 
the amount of masonry and concrete 4,057,555 cubic feet. 

It is difficult, even for experts, fully to appreciate the stupendous 
amount of work indicated by these figures. During the Paris Exhi- 
bition the Eiffel Tower Justly excited considerable admiration, and 
brought its designer into much repute; but that great work sinks 
altogether into insignificance when compared with the Forth Bridge. 

Conceive, as I have heard described, the Eiffel Tower built, not 
vertically, but horizontally; conceive it further built without sup- 
port, and at a giddy height over an arm of the sea. Such a work 
would do little more than reach half across one of the main spans 
of this great bridge. 

Those only who have had work of a similar nature can fully 
appreciate the innumerable experiments that must have been made. 
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and the calculations that must have been gone through to secure the 
maxiinuiii attainable rigidity both with respect to the strains induced 
vertically by the railway traffic and its own weight, and liorkontally 
by the force of gales. 

The anxiety as to the security of the erection might well daunt 
the most skilful engineer. We are told that, apart from the per- 
manent work, many Hundreds of tons of weight in the shape of 
cranes, temporary girders, winches, steam boilers, rivet furnaces, and 
riveting machines, miles of steel- wire rope, and acres of timber 
staging were suspended frSm the cantilevers. A heavy shower of 
rain would in a fe\f minutes give an additional weight of about » 
100 tons; and in their unfinished state, while approaching com- 
pletion, the force of any gale had to be endured. 

I trust that as the Forth Bridge has been a great engineering, it 
may likewise prove a financial success, and I feel sure that all who 
hear me are rejoiced that it has jr leased Her Majesty to confer the 
distinguished honours she has awarded to Sir John Fowler and Sir 
B. Baker — honours, I may add, that have rarely been more worthily 
bestowed. 

Let me turn now to the subject on which I propose to address 
you; and I shall first advert to the change which within my own 
recollection has taken place in that service which has been the pride 
and glory of the country in time past, and on which we must rely in the 
future as our first and principal means at once of defence and attack. 

To give even an idea of the revolution which our navy has under- 
gone, I must refer in the first instance to the navy of the past. I 
must refer to those vessels which in the hands of our great naval 
commanders won for England victories which left her at the close of 
the great wars supreme upon the sea. 

A '' first-rate of those days (I will take the Victory as a type) was 
a three-decker, 186 feet in length, 52 in breadth, with a displaceinent 
of 3500 tons; she carried an armament of 102 guns, consisting of 
thirty 42- and 32-prs., thirty 24-prs., forty 12-prs,, and two 68-pr. 
caiTonades (the heaviest of her guns was a 42-pr.), and she had a 
complement of nearly 900 men. When we look at the wonderful 
mechanism connected with the armaments of the fighting-ships of 
the present day, it is difficult to conceive how such feats were 
accomplished "with such rude weapons. 

With the exception of a few small brass guns, the guns were mere 
blocks of cast iron, the sole machining to‘ which they were subjected 
consisting in the formation of the bore and the drilling of the vent. 
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A large proportion of nearly every ariiiament ooiisisted of 
carronacles-— a piece which was in those days in great favour. They 
threw a shot of large diameter from a light gnn with a low charge^ 
and their popularity was chiefly due to the I’apidity with which they 
could be worked. The great object of every English commander was^ 
if it were possible, to bring his ship alongside that of the enemy ; and 
under these circumstances the low velocity given by the carronades 
became of comparatively small moment, while the ease of working 
and the large diameter of the shot were factors of the first importance- 

The carriages on which the rude weapons I have described were 
placed, were themselves, if possible, even more^rude. They were of 
wood, and consisted of two cheeks with recesses for the trunnions,, 
which were secured by cap squares, the cheeks being connected by 
transoms and the whole carried on trucks. The gun was attached to 
the vesseTs side, and the recoil was controlled by breeching. The 
elevation was fixed by quoins which rested on a quoin bed, and 
handspikes were used either for elevating or for training. 

It is obvious that to work smartly so rude a machine a very strong 
gun's crew was required. Indeed, the gun and its carriage were 
literally surrounded by its crew, and I may refer those who desire to 
acquaint themselves with the general arrangements of what was once 
the most perfect fighting-machine of the first navy in the world, to 
the frontispiece of a book now nearly forgotten — I mean Sir Howard 
Douglas’s Naval Gimnery. 

The mechanical appliances on board these famed war-vessels of 
the were of the simplest possible form, and such as admitted of 
rapid renewal or repair. There was no source of power except manual 
labour; but, when handled with the unrivalled skill of British seaman,, 
the handiness of these vessels and the precision with which they 
were manoeuvred was a source of never-ending admiration. 

Those who have seen, as I have done, a fleet like the Mediterranean 
squadron enter a harbour such as Malta under full sail, and have noted 
the precision with which each floating castle moved to her appomted 
place, the rapidity with which her canvas was stowed, have seen a 
sight which I consider as the most striking I have witnessed, and 
infinitely more imposing than that presented under like circumstances 
by modern vessels, any one of which could in a few minutes blow 
out of the water half-a-dozen such men-of-war as I have been just 
describing. 

I must not, however, omit to mention two advantages possessed by 
the old type of war-vessels, which, if we could reproduce them. 
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would greatly please modem economists. I mean, their compara- 
tively small cost, and the length of time the vessels remained fit 
for service. 

When the Victory fought the battle of Trafalgar she had been 
afloat for forty years, and her total cost, complete with her arma- 
ment and all stores, was probably considerably under £100,000. 
The cost of a first-rate of the present day, similarly complete, would 
be nearly ten times as great. 

The most improved battle-ships of the period just anterior to the 
Crimean war differed from *1116 type I have just described, mainly by 
the addition of steam power, and for the construction of these 
engines the country was indebted to the great pioneers of Marine 
Engineering, such as J. Penn & Sons, Maudslay Sons & Field, 
Eavenhill Miller & Co., Rennie Bros., etc., not forgetting Messrs 
Humphreys & Tennant, whose reputation and achievements now are 
even more brilliant than in these earlier days. 

Taking Diihc of WeUingto7i, completed in 1853, as the type of 
a first-rate just before the Crimean war, her length was 240 feet, her 
breadth 60 feet, her displacement 5830 tons, her indicated horse-power 
1999, and her speed on the measured mile 9*89 knots. Her armament 
consisted of 131 guns, of which thirty-six 8-inch and 32-prs. were 
mounted on the lower deck, a similar number on the middle deck, 
thirty-eight 32-prs. on the main deck, and twenty short 32-prs, and 
one 68-pr, pivot-gun on the upper deck. 

Taking the Gcesar and the Hogue as types of second- and third- 
rate line-of-battle ships, the former, which had nearly the displace- 
ment of the Victory, had a length of 207 feet, a breadth of 56 feet, 
and a mean draught of 21. She had 1420 indicated horse-power, 
and her speed on the measured mile was 10*3 knots. Her armament 
consisted of twenty-eight 8-inch guns and sixty-two 32-prs., carried 
on her lower, main, and upper decks. The Hogue a length of 
184 feet, a breadth of 48 feet 4 inches, a mean draught of 22 feet 
6 inches; she had 797 indicated horse-power, and a speed of 8| 
knots. Her armament consisted of two 68-prs. of 95 cwt., four 
10-inch guns, twenty-six S-inch guns, and twenty-eight 32-prs. of 
56.cwt.— sixty guns in all. 

Vessels of lower rates (I refer to the screw steam frigates of the 
period just anterior to the Crimean war) were, both in construction 
and armament, so closely analogous to the line-of-battle ships that I 
will not fatigue you by describing them, and will only allude to one 
other class, that of the paddle-wheel steam frigate, of which I may 
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take fche This vessel ! lad a length of 226 feet; a 

breadth of 43 feet, a displacement of about 3000 tons, and an 
indicated liorse-power of 1950. Her armament consisted of seven 68- 
piu of 95 ewt., four 10-ineh guns, ten 8-inch guns, and four light 
32-prs. ■ 

It will be observed that in these armaments there has been a 
very considerable increase in the weight of the guns carried. As I 
have said, the heaviest guns carried by the Victory were the 42-prs. 
of 75 cwt., but in these later armaments the 68-pr. of 95 cwt. is in 
common use, and you will have noted that the carronades have 
altogether disappeared. But as regards imprcrvements in guns or 
mounting, if we except the pivot-guns, with respect to which there 
was some faint approach to mechanical contrivance to facilitate 
working, the guns and carriages were of the rude description to 
which I have alluded. 

In one respect, indeed, a great change had been made. Shell-fire 
had been brought to a considerable state of perfection, and the 
importance ascribed to it may be traced in the number of 10-incli 
and 8-inch shell-guns which entered into the armaments of the Dulce 
of Wellington ojidi the other ships I have mentioned. Moorsonfis 
concussion fuse and other similar contrivances lent great assistance 
to this mode of warfare, and its power was soon terribly emphasised 
by the total destruction of the Turkish squadron at Sinope by the 
Russian fleet. In that action shell-fire aj)pears to have been almost 
exclusively used, the Russians firing their shell with rather long time 
fuses in preference to concussion, with the avowed object of there 
being time before bursting to set fire to the ship in which they 
lodged. 

It is curious to note in the bygone discussions relative to shell- 
fire the arguments which were used against it ; among others it was 
said that the shell would be more dangerous to those who used them 
than to their enemies. There was some ground for this contention, 
as several serious catastrophes resulted from the first attempts to use 
fused shells. Perhaps the most serious was that which occurred on 
board H.M.S. Theseus, vihm seventy 36- and 24-pr. shells captured 
from a French store ship and placed on the quarter-deck for examina- 
tion exploded in quick succession, one of the fuses having by some 
accident been ignited. The ship was instantly in flames ; the whole 
of the poop and after-part of the quarter-deck were blown to pieces. 
The vessel herself was saved from destruction with the greatest 
difficulty, and forty-four men were killed and forty-two wounded. 
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was clue to a neglect of obvious precaution wMch 
would hardly occur nowadays, but I have alluded to the circumstance 
because the same arguments, or arguments tending in the same direc- 
tion, are in the present day reproduced against the use of high explo- 
sives as bursting-charges for shells. To this subject I myself and my 
friend and fellow-labourer, Mr Vavasseur, have given a good deal of 
.attention, and the que^ion of the use of these shells and the best form 
of explosive to be employed with them is, I believe, receiving attention 
from the Government. The importance of the problem is not likely 
to be overrated by those who have witnessed the destruction caused 
by the bursting of S, high explosive shell, and who appreciate the 
changes that by their use may be rendered necessary, not only in the 
armaments, but even in important constructional points of our 
men-of-war. 

Shortly before the termination of the long period of peace which 
commenced in 1815, the attention of engineers and those conversant 
with mechanical and metallurgical science, seems to have been 
strongly directed towards improvements in war material. It may 
easily be that the introduction of steam into the navy may have 
had something to do with the beginning of this movement, but its 
further progress was undoubtedly greatly accelerated by the interest 
in the subject awakened by the disturbance of European peace which 
commenced in 1854. 

Since that date— whether we have regard to our vessels of war, 
the guns with which they and our fortresses are armed, the carriages 
upon which those guns are mounted, or the ammunition they employ — 
we shall find that changes so great and so important have been 
made that they amount to a complete revolution. I believe it would 
be more correct to say several complete revolutions. It is at least 
•certain that the changes which were made within the period of ten 
years following 1854 were far more important and wide-spreading 
in their character than were all the improvements made during the 
whole of the great wars of the last and the commencement of the 
present century. 

Indeed, it has always struck me as most remarkable that during 
the long period of the Napoleonic and earlier wars, when the mind of 
this country must have been to so large an extent fixed on everything 
connected with our naval and military services, so little real progress 
was made. ■ , 

Our ships, no doubt, were the best of their class, although, I 
believe, we were indebted for many of our most renowned models to 
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Yessels captured from our neighbours. They were fitted for sea with 
all the resources and skill of the first seamen of the world, and when 
at sea were handled in a manner to command uniYorsal admiration. 
But their armaments were of the rude nature I have described, and so 
far as I can see possessed little, if any, advantage over those nearly a 
couple of centuries earlier. It is not improbable that the great 
success which attended our arms at sea may have contributed to this 
stagnation. 

The men who with such arms achieved such triumphs may well 
be forgiven for believing that further improveinent was unnecessary; 
and it must be remembered that the practice^ of engaging at very 
close quarters minimised to a great extent the most striking 
deficiencies of the guns and their mountings. 

I need scarcely, however, remind you that were two vessels of the 
old type to meet, one armed with her ancient armament, the other 
with modern guns, it would be vain for the former to attempt to close. 
She would be annihilated long before she approached sufficiently near 
to her antagonist to permit her guns to be used with any effect. 

It would be quite impossible, within reasonable limits of time, to- 
attempt to give anything like an historical account of the changes 
which have taken place in our ships of war during the last thirty-five 
years, and the long battle between plates and guns will be fresh in 
the memory of most of us. The modifications which the victory of 
one or the other impressed on our naval constructions are sufficiently 
indicated by the rapid changes of type in our battle-ships, and by the 
number of armour-clads once considered so formidable, but seldom 
now mentioned except to adorn the tale of their inutility. The 
subject also requires very special knowledge, and to be properly 
handled must be dealt with by some master of the art, such as our 
Director of Naval Construction. 

Let me now compare with the vessels of the past those of the 
present clay, and for my purpose I shall select for comparison as first- 
rates the Victoria and the Trafalgar, The Victoria has a length of 
340 feet, a breadth of 70 feet; she has a displacement of about 
10,500 tons, an indicated horse-power of 14,244, and she attained a 
speed on the measured mile of 17| knots; she has a thickness of IS 
inches of compound armour on her turrets, a similar thickness 
protects the redoubt, and her battery-deck is defended with 3-incb 
plates. Her armament consists of two 16|-mch 110-ton guns, one 
10-inch 30-ton gun, twelve 6-inch 5-ton guns, twelve 6-pr, and nine 
3-pr. quick-firing guns, two machine-guns, and six torpedo-guns. 
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a length of 345 feet, or very nearly doiiHe 
the length of the a displacement of 12,000 tons, an indicated 

horse-power of 12,820, and a speed on the measured mile of a little- 
over 17| knots. Her armament consists of four 68-ton guns, six 
4’7-ineh quick-firing guns, six 6-pr. and nine 3-pr. quick-firing guns,, 
six machine- and six torpedo-guns. 

Comparing the armhment of the Victoria with that of the Victory ^ 
we find, to quote the words of Lord Armstrong — which when evaluating- 
the progress we have made will bear repetition— -that while the 
heaviest gun on board thS Victory was a little over 3 tons, the 
heaviest on board th^ Victoria is a little over 110 tons. The largest- 
eharge used on board the Victory was 10 lbs., the largest on board the 
Victoria close on 1000 lbs. ; the heaviest shot used in the Victory was 
68 lbs., in the Victoria it is 1800 lbs. The weight of metal discharged 
from the broadside of the Victory was 1150 lbs., from that of the 
Victoria it is 4750 lbs. But having regard to the energy of the 
broadside, the power of each ship is better indicated by the quantity 
of powder expended than by the weight of metal discharged, and while 
the broadside fire from the consumed only 355 lbs. of powder,, 

that from the consumes 3120 lbs. 

These figures show in the most marked manner the enormous 
advances that have in every direction been made in the construction 
and armament of these marine monsters; but it is when we come to 
the machinery involved in our first-rates that the contrast between 
the past and the present is brought most strongly into prominence. 

I have alluded to the simplicity of the arrangements on board the 
old battle-ships, but no charge of this nature can be made against the 
present. The Victoria has no less than twenty-four auxiliary steam- 
engines in connection with her main engines, viz., two starting, two* 
running, eight feed, eight fan for forced draught, and four circulating 
water engines. She has in addition thirty steam-engines unconnected 
with her propelling engines, viz,, six fire and bilge engines, two 
auxiliary circulating engines, four fan engines for ventilating purposes, 
two fresh-water puiiiping engines, two evaporative fuel engines, ono 
workshop, one capstan, and five electric-light engines, four air-com- 
pressing and three pumping engines for hydraulic purposes. 

She has further thirty-two hydraulic engines, including two 
steering engines, four ash-hoisting engines, two boat engines, four 
ammimition lifts, two turret-turning engines, one topping winch, two 
transporting and lifting engines, two hydraulic bollards, and fourteen 
other engines for performing the various operations necessary for tho 
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woiMng of her making a grand total of eighty-eight 

•engines. This nmnber is exclusive of the inaehiiiery in the torpedo 
and other steam boats, and of the locomotive engines in the torpedoes 
earried, which are themselves engines of a most refined and delicate 
eliaracter. 

At an earlier point in my address I alluded to the incomparable 
seamanship of our bygone naval officers. Seahianship will, I fear, in 
future naval battles no longer play the conspicuous part it has done 
in times past. The weather gage will belong, not to the ablest 
sailor, but to the best engineer and fastest vessel ; but the qualities of 
pluck, energy, and devotion to their professioif which distinguished 
the seamen of the past have, I am well assured, been transmitted to 
their descendants, and I am glad to have the opportunity of express- 
ing my admiration of the ability and zeal with which the naval officers 
of the present day have mastered, and the skill with which they 
use, the various complicated, and in some cases delicate, machinery 
which mechanical engineers have placed in their hands. 

I pass now to a class of vessels — the fast, protected cruisers— 
intended to take the place and perform the duties of the old frigates. 
Of these I will take as types H.M.S. Medusa and the Italian cruiser 
Piemonte. The Medusa has a length of 265 feet, a breadth of 41 feet, 
n displacement of 2800 tons, and her engines have 10,010 indicated 
horse-power. Her armament consists of six 6-inch breech-loading 
guns, ten 3-prs., four machine-guns, and two fixed and four turning 
torpedo tubes. The Piemo7ite has a length of 300 feet, a breadth of 38 
feet, a displacement of 2500 tons, and her engines of 12,981 indicated 
horse-power developed on the measured mile a speed of 22*3 knots, 
nr about 26 miles. Her armament, remarkable as being the first 
instance of an equipment composed altogether of quick-firing guns, 
consists of six 6-inch 100-prs., and six 4*7-inch 45-prs., all with 
large arcs of training, ten 6-pr. Hotchkiss, four Maxim-Nordenfelt 
inachine-guns, and three torpedo-guns. 

These vessels have a steel protective deck, with sloping sides from 
«tem to stern, protecting the vitals of the ship; above and below the 
armour deck the vessels are subdivided into a large number of water- 
tight compartments, and a portion of the vessels supply of coal is 
■employed to give additional protection. 

With resj)ect to the Piemonte, the engines (vertical triple- 
expansion) were designed and constructed by Messrs Humphreys, 
Tennant, & Go. They are, in order that they may be wholly below 
the water-line, of exceedingly short stroke (27 inches), and the 
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behaviour of the engines, both on their trials here and in the very 
severe weather to which the vessel was exposed on her passage oiitb 
amply justify these eminent engineers in their somewhat bolct 
experiment. , , , . . 

I might describe other cruisers, both larger and smaller than 
those I have selected, but I must not fatigue you, and will only in 
this part of my wSulye^Jt draw your attention to these triumphs of 
engineering ingenuity and shill, I mean the torpedo boats, which 
(whether or not locomotive torpedoes continue to hold their own as. 
engines of destruction), ar*e destined, I believe, to play no insig- 
nifioant part in future naval warfare. 

Let me illustrate the marvels that have been achieved by the 
great English engineers who have brought these vessels to their 
present state of perfection, by giving you a few particulars concern- 
ing one or two of them. 

A first-class torpedo boat by Yarrow has a length of 135 feet, a 
breadth of 14 feet, a displacement of 88 tons, and with engines of 
1400 indicated horse-power attains a speed of a little over twenty- 
fotir knots. 

A slightly larger boat, built for the Spanish Government by 
Thorneycroft, has a length of 147 feet 6 inches, a breadth of 14 feet 
6 inches, and with engines of 1550 indicated horse-power, has. 
attained a speed of a little over twenty-six knots. 

It is interesting to note that the engines of the first-named 
torpedo boat develop nearly exactly the same power as those of the 
90-gun ship, the and the engines of the second-named but 

little less than that developed by the Dulce of Wellington ; two vessels 
which, you will remember, I have taken as types of the second- and 
first-rate men-of-war of thirty-five years ago. 

The weight of the engines of the Duhe of Wellington and the 
would be approximately 400 tons and 275 tons, while that of 
the torpedo boats is about 34 tons. 

But if these results are sufficiently remarkable, the economy 
attained in the consumption of coal is hardly less striking. 

The consumption of coal in the early steam battle-ships was from 
4 to 0 lbs. per indicated horse-power per hour, and occasionally 
■ nearly reached 8 lbs. 

At the present time in good performances the coal consumption 
ranges from 1|- to If lbs. per indicated horse-power per hour under 
natiiral draught, and from 2 to 2 J ibs, per hour with forced draxight. 

In war-ships the engines are designed to obtain the highest 
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possible power on the least possible weight, and this for a compara- 
tively short time, and, further, have to work at such various powers, 
that the question of economy must be a secondary consideration. 

With the different conditions existing in the mercantile marine, 
more economical results may be expected, and I believe I shall not 
be far wrong in assuming that in special oases 1|- lb. may possibly 
have been reached; but I have not been 'able to obtain exact 
information on this head. 

Turning now to the guns, let me refer first to those which were 
in use thirty-five years ago, and which fcfrmed the armaments of the 
•ships of those days, and of the fortresses and^coast defences of the 
United Kingdom and colonies. 

The whole of these, with the exception of a few very light guns, 
were made of cast iron. I have already alluded to the small amount 
nf machine-work (not of a very refined character) expended on them. 
Although the heaviest gun in use was only a 68-pr., there were no less 
than sixty different natures of iron ordnance. Of the 32 -pr. alone 
•there were as many as thirteen descriptions, varying in length and 
weight. Of these thirteen guns, again, there were four separate 
•calibres, ranging from 6*41 inches to 6*3 inches, and as the projectile 
was the same for all, the difference fell on the windage. This varied, 
.assuming gun and projectile to be accurate, from about 0*125 to 0*250, 
so that it may easily be conceived the diversity of the tables of fire for 
this calibre of gun were very great. And although from the simple 
nature of the guns, and the absence of anything like mechanical con- 
trivance connected with them, it was quite unnecessary to give to 
them the care and attention that are absolutely indispensable in 
iguns of the present day, it must not be supposed that they were 
altogether free from liability to accident and other defects. 

I had occasion recently to look into the question of the guns 
^employed in the siege of Sebastopol, and found that in that great 
siege no less than 317 iron ordnance were used by this country. At 
the close of the siege it was found that eight had burst, one hundred 
«and one had been condemned as unserviceable, while fifty-nine 
were destroyed by the enemy's fire. 

The 95-cwt. 68-pr. gun seems to have been about the largest 
gun that could safely be made of cast iron, and that in it the limit of 
•safety was nearly reached, was shown by the fact that a serious per- 
•centage of this calibre burst or otherwise failed. With the spherical 
;8hot the column of metal per unit of area to be put in motion by the 
•charge was small, and to this the guns probably owed their safety. 
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Wlien the same charge was used, and cylinders representing 
double, treble, or quadruple the normal weight of the shot were 
fired, the end was rapidly reached, the guns frequently bursting 
before cylinders four or five times the weight of the shot were 
employed. ■ 

But the fact that a stronger and more reliable material than cast 
iron was necessary, wUs shortly to be emphasised in a much more 
striking manner. The great superiority of rifled to smooth-boi'ed 
ordnance in every respect, in power, in range, in accuracy, in destruc- 
tive effect., of shrapnel aifd common shell, was in this country 
demonstrated by Lord Armstrong and others. This led to numerous 
attempts to utilise cast iron for rifle ordnance. The whole of these 
efforts resulted in failure. Although the charges were feebler than 
with smooth-bored guns, these experimental guns burst one after 
the other with alarming rapidity, generally before many rounds 
had been fired. The matter was not made much better when the 
expedient was adopted of strengthening these guns by hoops or rings 
shrunk on externally. Failures with this arrangement were little 
less frequent, the cast iron bursting under the jackets, and the only 
plans in which cast iron was used with any success were those 
proposed respectively by Sir W. Palliser and Mr Parsons, who inserted, 
the one a coiled wrought iron, and the other a steel tube in a cast- 
iron gun block. 

But the country that suffered most severely from the use of cast 
iron was the United States. Their great civil war took place just 
when efforts were being made in every country to introduce rifled 
artillery. Naturally every nerve was strained to manufacture these 
guns, and naturally the resources that came most readily to hand 
were first employed. 

A report presented by the Joint Committee on Ordnance to the 
United States Senate in 1869 gives the history of these guns, which 
were nearly all either cast iron, or cast iron reinforced with hoops 
in the way I have described. I have heard the existence of internal 
strains disputed, but in this report we read that ten guns burst, that 
is, flew to pieces, when lying on chocks, without ever having had a 
shot fired from them, and ninety-eight others cracked or became 
ru]3tured under like conditions. 

In the “Summary of Burst G-uns” in the same report, it is 
stated that one hundred and forty-seven burst and twenty-one were 
condemned as unserviceable; twenty-nine of them being smooth- 
bore and one hundred and thirty-nine rifled ordnance. But perhaps 
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the most striking passage is that which relates that in the actioii 
before Sort Fisher all the Parrott guns in the fleet burst, and that by 
the bursting of five of these guns during the first bombardinent,. 
forty-five men were killed and wounded, while only eleven men 
were killed or woixiided by the enemy’s fire. 

The muzzle velocity given by the smooth-bored cast-iron guns 
may be taken approximately at 1600 feet per second, and at the maxi- 
rnum elevation with which they were generally fired their range was 
about 3000 yards. The 32-pr., with a charge of one-third the weight 
of the shot and an elevation of 10°, gaveliearly 2800 yards, and the 
68-pr., with a charge of about one-fourth, neaWy 3000 yards. The 
same gun, with an eccentric shot and an elevation of 24°, gave a 
maximum range of 6500 yards. 

But it xnust not he supposed because the range tables gave 3000 
yards as practically the extreme range of the ordnance of thirty-five 
years ago, that our guns possessed any high efficiency at that distance. 
At short distances, from 300 to 500 yards, dependent on the calibre, 
the smooth-bored guns were reasonably accurate ; but the errors 
multiplied with the distance in so rapidly increasing a ratio, that 
long before a range of 3000 yards was attained, the chance of hitting 
an ohject became extremely small. 

It is desirable to give some idea of the accuracy, or rather want 
of accuracy, of these guns. 

In 1858 I was appointed secretary to the first Committee on 
Eifled Cannon, and as the early experiments showed how extraordinary 
was the accuracy of the new weapons, it became a matter of import- 
ance to devise some means of comparing in this respect the old and 
the new guns. 

The plan I proposed was one which has since in principle been fol- 
lowed by the artillerists of nearly all countries. It was to calculate 
the probable error in range and the probable error in deflection, and 
from these data the area within which it would be an. even chance 
that any given shot would strike ; or, in other words, that area within 
which, out of a large number of rounds, half that number would fall 
This area was for the smooth-bored gun at a range of 1000 yards, 
147*2 yards long by 91 yards broad, or 1339*5 square yards, while 
the similar area for the rifled gun at the same range was 23*1 yards 
long by 0*8 yards broad, dr an area of 18*5 square yards. But the 
great decrease of accuracy due to an increase of range with the 
smooth-bore guns is especially remarkable. Experiments showed 
that with the smooth-hored gun an increase of range of only 350 
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yards more than doubled the error in deflection, and made th^ area 
seieoted for comparison 206 yards long by 20*2 broad, or 4161 square 
yards; as nearly as possible trebling the area for an increase in 
range of 35 per cent. 

But I have not done yet. These experiments were made with 
the same lots of powder carefully mixed, and the irregularities in 
velocity would be such as are due to manufacturers’ errors only. 
But the variations in the energy developed by the gunpowder 
employed have still to be considered. In 1860, being then an 
associate member of the Ordnance Committee, I carried on for the 
Government the first electro-ballistic experiments made in this 
country. My attention was early called to the great variation in 
energy developed by powders recently made and professedly of the 
same make, and I pointed out that in my experiments the variations 
between one lot of powder and another amounted occasionally 
to 25 per cent, of the total energy developed. It is unnecessary 
to say that on service, and when powder had been subjected to 
climatic influences, the variations would have been much greater. 

The variations in energy of new powder were chiefly due to the 
method of proof then in use, the Eprouvette mortal’, than which 
nothing can be conceived better adapted for passing into the service 
powders unsuitable for the guns of that time. 

But with the want of accuracy of the gun itself, and the want 
of uniformity in the pro|)elling agent, it may easily be conceived 
that a limit was soon reached beyond which it was mere waste of 
ammunition to fire at an object even of considerable size, and we 
can appreciate the reasons which led our naval commanders, when- 
ever possible, to close with their enemy. 

When we come to consider guns of the present day, the first 
point that attracts our attention is the enormous increase in the size 
and weight of the larger natures. It may fairly be asked indeed if, 
weight for weight, the modem guns are so much more powerful than 
the old, and, if we have command of such great ranges, why such 
heavy guns should be necessary. 

The answer to this, of course, is that it has been considered 
essential to have guns capable of piercing at short distances the 
thickest armour which any ship can carry, and this demand has led 
us from guns of 5 tons weight tip to guns of 110 and 120 tons 
weight, and to the development of the important mechanical arrange- 
ments for working them, to which I shall presently refer. 

On the principles which guide the construction of these large 
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guns I Bhall say both because the subject is too technical 

to be dealt with in an address, and because the practice of all 
nations, though differing in many points of detail, in essentials is 
closely accordant. 

On three points of construction we lay particular stress in this 
country. These points are:— That the gun shall be strong enough 
to resist the normal working pressure, everx if the inner tube or 
barrel be completely split. That whether we regard the gun as a 
whole, or the parts of which it is composed, the changes of form 
should be as little abrupt as possible, and that any sharp angle or 
corner must be absolutely avoided. 

As in principles of construction, so in material employed, is the 
practice of the great gun-making nations closely agreed. The steel 
employed is ductile and subjected to severe specifications and tests 
which differ slightly one from the other, but exact, in effect, qualities 
of steel substantially the same. So far as I know, the application 
of the tests in this country is more severe than in any other, and I 
take this opportunity of entering my protest against the statement 
which I have seen more than once in the journals of the day— that 
English gun-steel is in any way inferior to any that is produced in any 
part of the world, Sheffield has in no respect lost its ancient reputa- 
tion in the art of steel-making, and to my certain knowledge has 
supplied large quantities of steel, admitted to be of the first quality, 
to gunmakers of the Continent. The steel made by Sir J. Whitworth 
& Co. has likewise long been in great repute both at home and 
abroad, and looking at the care devoted to the subject by the Govern- 
ment, and the eagerness with which improvements in the quality 
and mode of manufacture are sought for and acted on by the steel- 
makers, we may be absolutely certain that to the best of our know- 
ledge the most suitable material is used in the construction of our 
guns. 

As many of you are aware, the mild steel which is used for the 
manufacture of guns is after forging and rough-boring subjected to 
the process of oil-hardening, being subsequently annealed, by which 
process it is intended that any detrimental internal strain should be 
removed. This process of oil-hardening, introduced first by Lord 
Armstrong in the case of barrels, is now almost universally adopted 
for all gun forgings. Of late, however^ there has been considerable 
discussion as to whether or not this oil-hardening is necessary or 
desirable ; and while admitting the increase of the elastic limit due 
to the process, it is asked whether the same results would not be 
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obtained by taking a steel with, for example, a higher percentage of 
carbon, and which should give the same elastic limit and the same 
ductility. The advocates of oil-hardening urge that steel with low 
carbon, duly oil-hardened to obtain the elastic limit and strength 
desired, is more reliable than steel in which the same results are 
reached by the addition of carbon. Those who maintain the 
opposite view point to%the uncertainty of obtaining uniform results 
by oil-hardening, to the possibility of internal strains, and to the 
costly plant and delay in manufacture necessary in carrying it out. 
The question raised is undoubtedly one of great importance, but it 
appears to me to be« one concerning which it is quite within our 
power in a comparatively short time, by properly arranged experi- 
ments, to arrive at a definite conclusion. 

In selecting steel for gun-making, individually I should prefer 
that which is on the side of the low limit to that which is near the 
high limit, of the breaking weight prescribed by our own and other 
Grovernments. I have this preference because, so far, experience has 
taught us that these lower steels are safer and more reliable than 
the stronger — and in guns we do not subject, and have no business 
to subject, the steel to stresses in any way approaching that which 
would produce fracture. 

Of course if our metallurgists should give us a steel or other 
metal which with the same good qualities possesses also greater 
strength, such a material would by preference he employed, but it 
must not be supposed that the introduction of such new material 
would enable us, to any great extent, to reduce the weight of our 
guns. As a matter of fact, the energy of recoil of many of our guns 
is so high that it is undesirable in any case materially to reduce 
their weight. As an illustration I may mention, that some time ago 
in re-arming an armour-clad, the firm with which I am connected 
was asked if by using the ribbon construction it would be possible, 
while retaining the same energy in the projectile, to reduce the 
weight of the main armament by 3 tons per gun. The reduction 
^er se was quite feasible, hut when the designs came to be worked 
out it was found that, on account of the higher energy of recoil, no 
less than 4 tons weight per gun had to be added to strengthen the 
mounting, the deck, and the port pivot fastenings. 

The chamber pressures with which our guns are worked do not 
generally exceed 17 tons per square inch, or, say, 2500 atmospheres. 
It must not be supposed that there is any difficulty in making guns 
to stand very much higher initial tensions, but little would be gained 
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by so doing. Not only can a higher effect be obtained from a given 
weight of gun if the initial pressure be kept within moderate limits, 
but with high pressures the erosion (which increases very rapidly 
with the pressure) would destroy the bores in a very few rounds. 

In fact, even with the pressures I have named, the very high 
charges now employed in our lai'ge guns (1060 lbs. have frequently 
been fired in a single charge), and the relatively long time during 
which the high temperature and pressure of explosion are maintained, 
have aggravated to a very serious extent the rapid wear of the bores. 
In these guns, if the highest charge be used, erosion, which no skill 
in construction can obviate, soon renders repair or re-lining necessary. 
Reduced charges, of course, allow a materially prolonged life of the 
bore, and there is also a very great difference in erosive effect 
between powders of different comx^osition, but giving rise in a gun to 
the same pressures. Unfortunately, the powder which has up to the 
present been found most suitable for large guns is also one of the 
most erosive, and powder-makers have not (so far) succeeded in giving 
us a powder at once suitable for artillery purposes and possessing 
the non-eroding quality so greatly to be desired. 

An amide powder made by theChilworth Company, with which 
I have, not long ago, experimented, both gave admirable ballistic 
results, and at the same time its erosive effect was very much less 
than that of any other with which I am acquainted. It is by no 
means certain that the powder would stand the tests which alone 
would justify its admission into the service; but the question of 
erosion is a very serious one, and has hardly, I think, received the 
attention its importance demands. No investigation should be 
neglected which affords any prospect of minimising this great 
evil. 

On the introduction of rifled artillery, the muzzle velocities, whieli 
you will remember had been with smooth-bore guns and round 
shot about 1600 feet per second, were, with the elongated qnojec tiles 
of the rifled gun, reduced to about 1200 feet jot second. In the 
battle between plates and guns these velocities were with armoiir- 
piereing projectiles gradually increased to about 1400 feet per 
second, and at about this figure they remained until the appointment 
by the Government of a Committee on Explosives. By the exj)eri- 
ments and investigations of this Committee it was shown that, by 
improved forms of gunpowder and other devices, velocities of 1600 
feet per second could be obtained without increasing the maxi- 
mum pressure, and without unduly straining the existing guns. 
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Similar advances in velocity were nearly simultaneously made abroad, 
but in 1877 my firm, acting on independent researches on the action 
of gunpowder made by myself in conjunction with Sir E. Abel, con- 
structed 6-inch and 8-inch guns which advanced the velocities from 
1600 to 2100 feet per second, and this great advance was everywhere 
followed by a reconstruction of rifled artillery. 

With the present \)owder the velocities of the powerful armour- 
piercing guns, firing projectiles considerably increased in weight, 
may be taken at from 2000 to 2100 feet per second. The distance of 
3000 yards, which I said practically represented the extreme range 
of smooth-bored gun*s, is attained with an elevation of only 2^" in the 
case of the 68-ton gun, and of in the 4'74nch quick-firing gun, 
while at 10° the ranges are 9800 and 5900 yards respectively, and, as 
an instance of extreme range, I may mention that with a 9*2-inch 
gun a distance of over thirteen miles has actually been reached. 

Nor is the accuracy less remarkable. Bearing in mind the mode 
of comparison which I have already explained, at 3000 yards range 
the 68-ton gun would put half its shot within a plot of ground 7*2 
yards long by 0*3 broad, and the 4*7~ineh gun within a plot 19 
yards long by 1*3 broad; or, to put it in another form, would put 
half their rounds in vertical targets respectively 0*92 yard broad by 
0*34 yard high, and 1*3 yards broad by 1*6 yards high. 

But it cannot be assumed that we are at the end of progress. 
Already, with the amide powder we have obtained nearly 2500 feet 
per second in a 6 -inch gun with moderate chamber pressures, and 
with the cordite originated by the Committee on Explosives, of 
which Sir F. Abel is president, considerably better results have been 
obtained. I have elsewhere pointed out that one of the causes which 
has made gunpowder so successful an agent for the purposes of the 
artillerist is that it is a mixture, not a definite chemical combination ; 
that it is not possible to detonate it ; that it is free, or nearly so, from 
that intense rapidity of action and waves of violent pressure which 
are so marked with nitro-glycerine and other kindred explosives. 

We are as yet hardly able to say that cordite in very large 
charges is free from this tendency to detonation, but I think I may 
say that up to the 6-inch gun we are tolerably safe : at least, so far, I 
have been unable, even with charges of fulminate of mercury, to 
produce detonation. I need not remind you that cordite is smoke- 
less, and that smokeless powder is almost an essential for qiiiek- 
firing guns, the larger natures of which are day by day rising in 
importance.' 
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I now come to the third part of my sul^ect— the m 
are now adopted of mounting and working the ordnance I have 
described* I have alluded to the carriages, which, at the beginning 
of the century, were made of wood, and were worked solely by hand- 
spikes. Thirty-five years ago they were but little changed, although 
in the case of pivot-guns screws for giving elevation, and blocks and 
tackle for training had been introduced, but timber was still the 
material employed. A strong prejudice long existed in both services 
against iron for gun-carriages, as it was believed that iron carriages 
would be more difiS.cult to repair, and that the effect on the crew of 
splinters would be much more serious. 

But when the experiment of firing at both natures was made at 
Shoeburyness, with dummies to represent the crews, it was found 
both that the wooden carriage was far more easily disabled than the 
wrought iron, and that the splinters from the wooden carriages 
were far more destructive. 

In all other respects, the superiority of wrought iron as regards 
iinohangeability, durability, and strength, was so apparent, that iron, 
and later steel, rapidly displaced wood. No gun-carriages, not even 
field, are now made of that material. It is impossible, within 
moderate limits, to give even a sketch of the various forms of 
mountings that have, as the science of artillery has progressed, been 
designed to meet the constantly changing conditions of warfare. I 
shall confine myself to the description of certain types of carriages, 
dividing these generally into three classes, viz., those for guns of 
the largest class, which req[uire power to work them ; those for guns 
of medium size, in which, by special arrangements, power is dispensed 
with; and those for guns of a smaller class, which are particularly 
arranged for extremely rapid fire. 

With respect to the first class. On the adoption of heavily- 
armed, revolving turrets of the Cowper-Coles type, in which the guns 
are trained for direction by revolving the turret, the first idea which 
naturally presented itself was to utilise steam power for this heavy 
work. It was, however, soon recognised that, on account of its 
elasticity, steam did not give the necessary steadiness and control of 
movement essential for accuracy of aim, and water under pressure 
was employed as the means of transmitting the power from the 
steam-engme to the machinery for rotating the turret and working 
the guns. 

On land, where an accumulator can be employed, a small steam- 
engine kept constantly at work is used ; but at sea, where accumtila- 
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tors, whether mad^^ to act by the pressure of steam, air, or springs, 
are inadmissible, a very much larger engine is employed, sufficiently 
powerful to supply water to perform all the operations ever carried 
on together. When little or no work is required, the engine auto- 
matically reduces its speed till it merely creeps, so that little or 
no power is consumed. 

The mode of moiftiting the guns differs somewhat according as 
they are intended to be placed in a barbette or in a turret. Our 
gims have gradually been increasing in length, and are now so long 
(our largest has a length ‘of nearly 45 feet) that it is impossible to 
provide an armoured* turret of sufficient size to protect the forward 
part of the gun, and under these circumstances it is a grave question 
whether it is worth while to devote so much armour to the protec- 
tion of what is after all the strongest part of the gun. 

Of the eight new battle-ships now building, seven are to have 
their guns mounted en harlette, and one is to be provided with 
armoured turrets. In either case, the guns and their machinery are 
carried on revolving turntables of practically the same form. These 
turntables are placed in an armoured redoubt, and the guns, when 
horizontal, are entirely above the armour, but in the case of the ship 
provided with turrets the breech ends of the guns are covered in, 
with the turrets placed as an addition on the turntables. 

The extra weight required thus to protect the breech ends of the 
guns is for this ship about 550 tons. 

As the hydraulic machinery for these new ships differs but 
slightly from that fitted on ships of the Rodney and Nile classes, the 
same description will cover all these vessels. The armoured barbette 
battery at each end of the ship is made of a pear shape, as seen in 
plan, in order to provide for a pair of ammunition hoists and 
hydraulic rammers at its narrower end. 

These ammunition hoists come right up into the armoured 
barbette and descend to the shell-room and magazine decks, forming 
the channel by which the projectiles and charges are rapidly supplied 
to the guns ; and it must be remembered that the weight to be lifted 
for a single round, including powder and projectile, with the 
necessary cases, considerably exceeds a ton. The cage in each hoist 
is worked by hydraulic cylinders with double wire-ropes, and in case 
of breakage, automatic safety gear is fitted to arrest and lock the 
cage. : ' 

While on the ammunition deck the cages are charged simultane- 
ously from either side, and when hoisted to the battery-deck are 
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automatically slowed, and then stopped at the proper position for 
loading the guns. Much depends upon the service of ammunition by 
these hoists being protected from interruption, and in the event of 
derangement of the cage, independent tackle, worked by an hydraulic 
capstan, is provided to take its place, and a few rounds can also be 
stowed within the battery. 

In intimate connection with the aminufiition hoists are the 
hydraulic rammers on the ammunition deck for charging the cages, 
and in the battery for loading the guns. To reduce their length 
within reasonable limits they are made tdescopic, and they are fitted 
with indicators to show when the charges are home. 

In the shell-rooms hydraulic cranes and traversing bogies are 
fitted to convey the shell to the base of the ammunition hoist, so 
that a projectile is transported from the place where it is stowed to 
the shot“Chamber of the gun without manual labour of any sort 
except that of moving the various levers to set the hydraulic 
machinery in motion. In the magazines hydraulic bollards are pro- 
vided for hoisting and transporting the powder-cases by means of 
overhead runners. Hand-gear is provided as an alternative in both 
magazine and shell-rooms. 

Each turntable carrying the guns and their fittings is rotated by 
a pair of entirely independent three-cylindered engines, each engine 
being of sufficient power to rotate the turntable at the speed of one 
revolution per minute. The gear for controlling them is worked 
from two or three look-out stations, at either or any of which the 
officer has to his hand the means of elevating, training, sighting, and 
firing either one or both guns. The turning-engines are fitted with 
a powerful spring brake, which will hold in a seaway, but which is 
taken off automatically when the water is admitted to start the 
engines. Easy control is obtained by the use of servo-motor valves, 
so that the handwheel is small, and requires but little power to move 
it It only remains to describe as shortly as possible the system of 
mounting the guns on the turntable. The guns are truniiionless, to 
allow them to be as close together as possible, with the view of 
reducing to the smallest possible size the diameter of the tiirntables. 
The carriages are cradles of steel grooved to correspond with rings 
turned on the guns, and with straps by which the guns are secured 
to the cradles. The carriages are mounted without rollers or wheels 
on slides formed of steel beams of great strength, pivoted at their 
front ends, and supported on hydraulic presses, by which they are 
bodily raised or lowered to give the gims elevation or depression. 
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In the case of the turret this system gives the smallest possible port. 
The loading of the gun is effected while the gun is at extreme eleva- 
tion, a position which is easily determined by dropping the slide on 
to fixed stops, and which gives, the best protection for the breech 
mechanism, for the hoist and rammers. The operations of unloofeing 
the breech-block, withdrawing it, traversing it, inserting a loading 
tray, and, after compleliing ^ the loading, performing the same opera- 
tions in reverse order, are all done by hydraulic power, and the 
fittings are so devised that unless the gun is properly locked and run 
out it cannot be fired. * 

In certain foreign vessels provided with the hydraulic breech 
mechanism, a valve has been arranged which makes in their proper 
order, and in that order only, the eight or ten movements necessary 
to open and close the breech of the gun, but this system has not 
been adopted in our own navy. 

The sights are carried on the top of the turntable, or, in the case 
of a turret, on the turret roof, and are worked automatically by an 
arc attached to the gun slide, gearing into cog-wheels, with shafting 
reaching to each sighting position. 

The system of recoil press adopted on all these ships is that 
which lends itself most readily to employment also as a running-in- 
and-out press. It consists of a simple cylinder carried in the middle 
of the slide, having working in it a ram with piston, attached at the 
front end to the cairiage. Spring-loaded valves are placed in the 
recoil ram piston and at the end of the cylinder, and by these the 
water escapes when the gun recoils. The water which passes 
through the cylinder valves runs to the exhaust-pipe, while that 
which passes through the piston valve remains in the front of the 
cylinder, and prevents the gun charging out again. When the recoil 
press is used to run the gun in and out these valves are inopex^ative, 
as they are loaded much above the working pressure in the hydraulic 
mains. The high pressure of recoil does not enter the hydraulic 
mains, as the supply to the rear of the press, where alone the high 
pressure of recoil exists, is made backwards and forwards, through 
a valve which shuts itself automatically when not in use. 

■ Before leaving the working by power of heavy guns, there is one 
example of mounting a pair of m which, although it has 

many points in common with the system I have just described, has 
also some points of difference, which it may be worth, while to note 
Ohjections have sometimes been urged to the fixed loading 
station on the ground that it is necessary to bring the guns to it 
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and lock them there until sponged and loaded, thereby involving, 
not only a loss of time, but under certain conditions exposing them 
more to the enemy's fire. 

In ships of the Be Umlerto type, what is termed an all-round 
loading is obtained by bringing up the ammunition through a 
central hoist to the deck below the turntable. From this central 
hoist it is transferred to two other hoists, whfch are carried on the 
turntable behind the guns. The transfer is made by hand for the 
powder and by sliding down a tray for the projectile, this work being 
performed by men on the deck below the turntable. The hydraulic 
rammers are fixed to the turntable, and are very much shortened by 
being made with more rams. In spite of this arrangement, however, 
the hoists are rather cramped, and the breech mechanism has to be 
made to pass from behind the gun, so as to permit the gun to recoil, 
and the gun is rather further forward than usual when run out. 

With these reservations, however, the system has advantages : 
the reduction in the armour required to protect the turntable and 
its machinery is considerable, and the redoubt being round instead 
of pear-shaped presents a smaller and stronger surface to the enemy 
when broadside on. 

I very much doubt, however, whether with this system there can 
be any advantage in rapidity of fire. Training to the loading station 
is in our navy very quickly done, and the turntable is rotated while 
the guns are being run in or out. 

It is hardly necessary to say that hydraulic machinery for guns 
was worked out by my friend and late partner Mr George Eendel, 
and up to the end of 1881 all details connected therewith were made 
under his management. 

I ought perhaps to give you some idea of the rate at which these 
heavy guns worked by power can be fired. 

In the case of the Benlow, with the 110-ton gun the time from 
“load'' to “ready” was 2| minutes. In the firing trials of the 
Trafalgar four rounds were fired from one of her 68-ton gnus in 9 
minutes 5 seconds. In Colossus, when under command of 
Captain Cyprian Bridge, the average from one round to another was 
1 minute 45 seconds, and on one occasion, steaming at 8 knots per 
hour past a target at a distance of 1500 yards, she fired four rounds 
ill 6 minutes, striking the target three times. 

Of the mountings which are worked solely by manual power, the 
whole range for naval service is covered by the carriages of the type 
designed by Mr Vavasseur. No single description can he made to 
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cover all the varieties of these mountings, which have been worked 
out to meet the diverse conditions which have arisen in the re-arming 
of old ships, and the fitting out of new vessels on modern and novel 
designs. The very general adoption of breech-loading ordnance 
brought with it the necessity for a mounting which would give easier 
access to the breech of the gun than was obtained with the long low 
gun-slide employed wihi the muzzle-loading guns. The main features 
of the type therefore are, a high slide, very short, so as not to project 
beyond the breech of the gun, a short low carriage carrying on either 
side the recoil -presses, and a shield to afford protection both to the 
carriage and the gun crew. 

The increased importance of rapid-fire guns has led in later 
carriages to a strong armour plate being built into the mounting as 
part of its structure, and to this must be added the shield above- 
mentioned, so that the total protective thickness of plate is very 
considerable. 

By means of a worm-wheel sliding on a keyed shaft, the movement 
of the gun for elevation or depression can be made up to the instant 
of firing — a decided and very important advance on the older methods. 

The arrangement of the recoil-cylinders is peculiar. They are 
fitted with a pair of pistons with rotating valves, so adjusted as to be 
open when the gun is in the firing position, and to be gradually closed 
during recoil by studs running along rifled grooves in the cylinders ; 
by this ingenious contrivance the area of the ports of the valves is 
increased and then decreased in proportion to the variation of the 
velocity of recoil, so that the liquid passes from one side of the piston 
to the other at as nearly as possible a constant velocity and under a 
constant pressure. The velocity of the flow through the ports, and 
therefore the pressure of the liquid, varies with the energy of the 
recoil of the gun, so that the length of the recoil is with all chax'ges 
practically the same. 

Even a blank charge produces nearly full recoil, and on one 
occasion caused one of these mountings to be reported as unserviceable, 
and unfit to fire a shotted round. Constant length of recoil has the 
advantage over constant pressure in the recoil-presses that, in the 
event of an unusually heavy recoil, a higher pressure in the recoil-press 
would in the former case be the only result, and would do no harm, as 
the pressure would still be much below the test-pressure ; but in the 
latter case there would be an increased length of recoil, and, unless 
considerable margin were allowed, a possible destruction of the slide. 

Most frequently the Vavasseur mountings are made with central 
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pivots, and there is then little tendency for the movements of the 
vessel to affect the mounting, and as the weight is borne upon a ring 
of live rollers the greatest ease of training is obtained. 

In the larger sizes the centre pivot is increased in size, and made 
hollow so as to provide for the passage through the centres of a 
powder hoist, which, after rising high enough, curves to the rear 
under the gun and delivers its charge at the puint where it can most 
conveniently be drawn out for insertion in the gun. In this case a foot- 
plate is also provided as a rear attachment to the slide, and from this 
the crew work the gun. This foot-plath is provided with boxes for 
eight or ten projectiles, which are therefore feacly for use at any 
moment and in any position of training. These mountings are fitted 
in the belted cruisers of the Orlando class, one being carried at the 
fore and one at the after end of each ship. 

As a sufficient proof of the value of these mountings and of 
the ability which had been displayed in their design, 1 may mention 
that practically all countries have adopted these carriages for modern 
guns, either without any alteration or with comparatively unimpor- 
tant modification. 

In discussing our modern ordnance I only alluded to quick-firing 
guns, because in their case the gun and mounting are so closely 
connected, the efficiency of the system depending as much upon the 
one as the other, that a separate description of either would be 
incomplete, and they are more easily described together. The great 
success which attended the small Hotchkiss and Nordenfelt 3- and 
6-pr. guns led me to consider whether the same principle could 
not be applied to large guns, and we designed and made at Elswick 
the 4‘7-inch and 5*5-inch quick-firing guns which were so success- 
fully tried by the Excellent at Portsmouth. Subsequently, with the 
co-operation of Mr Vavasseur, various improvements were made, and 
for the sake of uniformity in calibre a 6 -inch was substituted for the 
5'5-inch gun. 

One of the peenliarities of these guns is in the form of the breech- 
screw, which, while on the principle of the interrupted screw, is 
made conical so as to simplify the action of opening and closing — ^the 
principle of the ordinary rifle cartridge has been extended to the 
ammunition of these guns. This not only allows extreinely rapid 
loading, but secures safety from premature explosions in rapid firing. 
The cartridges are fired electrically, and, not having their own ignition, 
there is no danger of exploding them either when stowed in the 
magazine or if accidentally dropped in the handling. 
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To follow the rapid movements of a torpedo boat it is essential 
that there should be the most perfect control over the gun and 
mounting, and the most effective mode of rapid fire is to keep the: 
gun always on the object aimed at, allowing the gun itself to fire as* 
the breech is closed. The captain stands at the side of the gun, 
shielded by a guard-plate from the recoil, Ms shoulders braced 
against a shoulder-pie«e which is unaffected by the recoil; his eye 
aligns the sights; with one hand he works the elevating or training- 
wheel, and with the other grasps the firing-t rigger, or, for rapid 
firing, the training- wheel maybe thrown out of gear, and direction 
given by the shoulder-piece alone. The mounting is a centre pivot, 
and, being on live rollers, turns with the least effort. The gun has 
no trunnions, but slides in a carriage which envelops it like a sleeve. 
The trunnions are on this carriage, so that the two are together 
pivoted like an ordinary gun in a fixed lower carriage. There is no 
preponderance when the gun is in the forward position, and the 
recoil lasts for so short a time that the disturbance of the centre of’ 
gravity is not felt on the elevating-gear or shoulder-piece. The 
lower side of the carriage is formed into a recoil-press, the piston- 
rod of which is attached to a horn on the rear of the gun. 

There is also a spring-box, with rod attachments to the horn, by 
which the gun is instantly run out as soon as the recoil is expended. 
Efficient shields are provided to protect the crew. The revolving 
weight of the gun and mounting is 5 tons, yet with the shoulder 
against the shoulder-piece, it can be swung through 90° in 2 seconds,, 
and with the gear can be trained through the same arc in 5 seconds.- 
It is possible to fire from this gun at the rate of 10 to 12 rounds per 
minute, and on one occasion 10 rounds were fired in 47 seconds ; 
but perhaps the most striking experiment with the gun was made at 
ShoeburynesB, when 5 roimds were fired in 31 seconds at a 6'x6" 
target at 1300 yards, all of which struck the object aimed at. 

A trial has also been recently made between two cruisers, the one 
armed with ordinary breech-loading, the other with quick-firing 
artillery, from which it appears that when firing at a target, the 
latter, ill a given time, was able to discharge about six times the 
quantity of ammunition fired by the former. I need not impress 
upon you the significance of these facts or the importance of quick- 
firing armaments, especially if firing shell, possibly charged with 
high explosives, against the unarmoured portions of cruisers or other 
vessels. 

The accuracy and the shell power of rifled guns have naturally- 
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had their effect upon the mountingl for the land service, experiments 
having conclTisively shown that batteries armed with guns placed in 
ordinary embrasures would soon be rendered untenable. Among 
the expedients that have been adopted or suggested to meet the 
altered conditions, the system of making the gun disappear behind a 
parapet or into a pit, with which the name of Colonel Moncrieff has 
been so long and so honourably associated, isjaiore and more coming 
into favour, as the most effective mode of protection for the gun and 
its mounting, as well as for the gun detachment. During the last 
ten years much attention has been devot^l to the designing of various 
mountings on this system for all weights of guns from 3 up to 68 
tons. 

In the earliest carriages of this type the gun was raised by the 
descent of a balance weight, but the most successful arrangement 
is that in which compressed air is employed for the purpose. The 
9*2“inch and lOdnch hydro-pneumatic mountings are the largest sizes 
as yet adopted into the English service, and a description of them 
will serve for that of the type generally. 

The gun on this system is raised by compressed air stored in 
several chambers, and acting through the medium of a fluid upon a 
recoil ram. 

On the recoil of the gun the liquid is driven from the cylinder 
by the incoming ram into the lower parts of the air chambers, so 
that as much as is required of the energy of recoil is stored up by 
the compression of the air, and is used to raise the gun for the neit 
round. The gun is raised up and lowered on two heavy beams 
pivoted to the lower carriage. Two long, light elevating rods, pivoted 
at one end to the breech of the gun, at the other to the lower 
carriage, hold the gun in correct position as it rises or falls ; the 
elevation is changed by moving the position of the lower ends of the 
elevating rods. This can be done when the gun is down without 
disturbing it, and consequently with very little labour. The effect 
of the change is apparent after the gun rises, when any slight correc- 
tion can be made if desired. Generally these mountings have been 
made with overhead shields placed a little below the level of the top 
of the gun pit, and entirely closing it. There is an aperture through 
which the gun rises, but which can be closed when the gun is out of 
action. 

In the ease of the 10-inch gun the total weight of the revolving 
mass is 80 tons. Only two men are required at the hand -wheels to 
revolve it — in fact, it is within the power of man to do the whole 
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work. The ordinary ^gpeed of training is 90° in If minute, while 
the time required to raise the gun to the firing position is 20 seconds. 
The speed of rising might be considerably increased, but, taking the 
weight of the mass in motion into account, it does not appear to be 
desirable to accelerate it 

At Maralunga, Spezia, in March^ of the present year, the first 
68-ton disappearing mounting, manufactured for the Italian Grovern- 
ment, was tried with most satisfactory results. Fifteen rounds were 
fired in all, some of them being made to give greatly increased energy 
of recoil, with the view of proving the gun and mounting. 

The gun was worked entirely by hand-power, and on land no 
difficulty is experienced in thus dealing with it, while the system 
possesses the advantage that it is always ready for use should it be 
required, but no great alteration is necessary to adapt the mounting 
for use with hydraulic power. 

In this case the water from the recoil-press is driven through 
spring-loaded valves instead of into air chambers. There is, there- 
fore, no storing up of the recoil energy, and to raise the gun to the 
firing position, water pressure from an accumulator kept charged by 
a steam pumping-engine in the usual way is employed. These guns 
and mountings are too large to be easily covered by an overhead 
shield, but they are provided with shields at the front and rear to 
protect the gun detachments. 

Another very successful mounting for land service has been 
made for guns when the site is such that it is permissible to place 
them e% larlette. The gun is entirely above the parapet, but the 
detachment is protected while loading and working the gun by a 
broad sloping shield carried on the gun-carriage and recoiling with 
it. The shield is inclined so that any splinters, etc., striking it may 
be deflected in an upward direction. 

The carriage runs back on a long slide inclined at 5°, and at the 
end of the recoil is caught by a spring catch, which retains it in the 
rim in position until the loading is finished. To load, the gun is put 
at extreme elevation, so that the breech may be as much under pro- 
tection as possible, the charge being rammed home with a hand 
rammer worked by rope tackle. The slide is mounted on front and 
rear rollers, and has an actual centre pivot. The recoil is controlled 
by a single Vavasseur recoil-cylinder placed in the centre of the slide, 
and giving a constant length of recoil for all charges, so that the 
spring catch to retain the gun at extreme recoil for loading is always 
reached. 
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To run out after loading, the spring catch is released, and the 
incline of the slide is sufficient to cause the gun to run out, which it 
does smartly, but is checked and brought to rest quietly by means 
of a controlling ram placed at the end of the recoil-press. 

But I must conclude. I trust I have said enough to satisfy you 
as to the indebtedness of the naval and military services tO' 
mechanicians and to mechanical science, but you will also under- 
stand that within the limits of an address it is impossible to give a 
complete survey of so large a subject, and that there are important 
fields I have left wholly untouched. ^ 



NOTE ON THE ^NEEGY ABSOEBED BY EEICTION IN 
THE BOEES OF EIFLED GUNS 

{Proceedings of the Boyal Society, 1891.) 

The object of the experiments which I proceed to describe was to 
ascertain approximately, and under varied conditions, the loss of 
energy due to the friction of the driving-ring of the projectile in the 
bores of rifled guns. 

The rotation of modern breech-loading projectiles is generally 
given by means of a copper ring or band on the projectile, on a plan 
originally proposed by Mr Vavasseur, the diameter of this ring being 
not only somewhat larger than that of the bore, but even larger than 
the diameter of the circle representing the bottom of the grooves, and 
the projections which give the rotation are formed by the pressure 
of the powder-gases forcing the driving-ring into the grooves of the 
gun. At the commencement of motion the driving-ring is conse- 
quently exactly moulded to the section of the bore at the seat of the 
shot, and under the conditions due to the pressure to which the gun 
is at the moment subjected. 

It will readily be conceived that a band or ring, moulded as 
described, may give rise to considerable friction in its passage through 
the bore, and the amount of this friction may be modified to a con- 
siderable extent by various circumstances. 

For example, the nature of the powder employed may, depending 
on the deposit or fouling left in the bore, affect appreciably the 
friction. Again, the friction may be considerably modified by the 
form and diameter of the ring itself, while a variable amount of 
energy must be absorbed by the methods employed to give rotation, 
and by the amount of that rotation. 

In the preliminary experiments three descriptions of powder were 
employed— (1) the powder known as P., or the pebble-powder of the 
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English Service ; (2) an amide powder in which the nitrate of 
potassa of ordinary powder is largely replaced by nitrate of ammonia, 
and which powder, in addition to other valuable properties, gives rise 
to a smoke much less dense and much more rapidly dispersed than 
is the case with pebble and other similar powders; and (3) a true 
smokeless powder. The form of smokeless powder emidoyed in this 
country is best known under the name of cordite, a propelling agent 
which promises to be of great value, and for which we are indebted 
to the labours and experiments of Sir E. Abel and Professor Dewar. 
A somewhat similar explosive is employed abroad under the name of 
" ballistite,” and with this explosive also I have been able to make an 
interesting series of experiments. These experiments do not, however, 
come within the scope of the present note. 

The preliminary experiments having shown that a very consider- 
able amount of friction was, in the case of pebble-powder, due to the 
folding of the gun, while no such result was observed either in the 
case of the amide powder or the cordite, it was determined to carry 
out the subse(puent experiments with the amide powder, firing, how- 
ever, for purposes of corroboration an occasional round with the 
cordite, of which a small quantity only was available. 

It may be of interest to note the loss of velocity and energy due 
to the fouling with pebble-powder. The charge of powder in a 
12-cm. gun being 12 lbs., and the weight of the shot 45 lbs., the 
velocity of the shot, the gun being carefully cleaned and oiled, was, 
in three trials, respectively, 1877 feet per second, 1877 feet per second, 
and 1878 feet per second. The two rounds fired immediately after- 
wards, the bore then being foul, were respectively 1850 and 1868 feet 
per second, 1848 and 1847 feet per second, 1852 and 1847 feet per 
second; or, taking the means of the whole series, the mean velocity 
with the gim clean was 1877’3 feet per second, with the bore foul, 
1852 feet per second; or, to put the result in another form, the mean 
energy realised from the pebble-powder, the bore being carefully 
cleaned, and allowance being made for the energy of rotation, was 
1102 foot-tons, while the mean energy similarly realised with the 
bore foul was only 1072 foot-tons ; showing a loss of 30 foot-tons or 
of 2'73 per cent, of energy attributable to the extra friction due to 
the powder deposit in the bore. 

For the purposes of the subsequent experiments, three 12-em. 
quick-firing guns were specially prepared and rifled in the following 
manner: — The first had grooves of the usual section of the service, 
l?ut these grooves were all cut parallel to the axis of the bore, that is 
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to say^ the^ p rifling was infinite, or, in otter words, there 

was no twist, and no rotation round the central axis would be com- 
raunieated to the projectile ; the second gun was rifled with a imiform 
pitch of 1 turn in 162 inches (about 1 turn in 35 calibres); while 
the: third gun was rifled with a uniformly-increasing pitch of from 1 
turn in 4‘72"-5 at the breech to 1 turn in 162'" at the muzzle, so that 
in the last two guns, Assuming the same muzzle velocity, the pro- 
jectiles would leave the gun with the same angular velocity. 

The projectiles used in these experiments were flat-headed 
cylinders (all being made of*the exact weight of 45 lbs.), and differed 
from one another solely in the driving-bands of the projectiles, which 
differed from one another both in diameter and length, the differences 
being shown in the sketches attached to the tabular results. 

The first experiments were made with the rings marked '‘A” 
(fig. 1), three rounds being fired from each of the three guns described, 
and the following table shows the velocities and energies obtained 
from each nature of gun. 


Section A.'’ 



Fig. 1. 


Table 1 , — Mesults of experiments loith driving^ings. Section ^ ‘ A, ” 


Nature of rilling. 

Muzzle 

velocities. 

Muzzle 

energies. 

Mean 

muzzle 

velocity. 

Mean ' 
muzzle 
, energy. 


P.S. 

F. T. 

F. S. 

F. T. 


f2130 

■{2124 

(2136 

1416) 



No twist . 

1408 V 

2130 

1416 


1424J 




r2109 

13941 



Uniform rifling . 

1210.4 

1386 } 

2110 

1395 

[2118 

1405 J 




42079 

13541 



Parabolic rifling 

4 2088 

1365 b 

2081 

1356 

[2076 

1350j 

■ ■ , , ■ J 



Now, if the results given in this table be examined, it will- be 
observed that the whole of the velocities obtained from the gun with- 
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out twist are higher than those obtained from the gun rifled with a 
■uniform twist, while the whole of the velocities obtained from the 
last-mentioned gun are higher than those obtained from the gun with 
the parabolic or uniformly-increasing twist. 

Using the mean results, there is a loss of velocity of 20 feet per 
second in passing from the gun with no twist to that with a uniform 
twist, and a further loss of 29 feet per second, ”or 49 feet per second 
in all, in passing to the gun with the parabolic rifling. Translating 
these losses of velocity into losses of energy, it appears that there is 
a loss of 21 foot-tons, or about 1'5 per ednt. of the total energy due 
to the uniform rifling, and a further loss of 39 foot-tons, or 2'75 per 
cent., making 60 foot-tons, or about 4| per cent, in all, when the 
parabolic rifling is emoloyed. 

In a paper published in vol. xlv. of the FMlosqthieal Magazine 
(1873) I investigated the ratio existing between the forces tending 
to produce translation and rotation in the bores of rifled guns, and I 
showed that, if E be the pressure tending to produce rotation, and G 
be the gaseous pressure acting on the base of the projectile, the 
residtant of which j)re3sure acts along the axis of the bore, that is 
along the axis of Z, then in the case of the parabolic rifling 

p_ 2/,g(G5+M^^) 

(A2A2+4/5V)sin8 ' ‘ ^ 

V{4s2(sin6)3+F}‘*' + 

where r is the radius of the bore, p the radius of gyration of the 
projeetile, h the principal parameter of the parabola (the plane of xy 
being supposed to be at the vertex of the parabola and at right angles 
to the axis of the bore), <5 the angle which the normal to the driving- 
surface of the groove makes with the radius at the point under 
consideration, v the velocity at that point, yi the coefficient of 
friction. 

While in the case of a uniform twist 

R = 

— r^) (27r/>‘^ 4-rM) sin 8 * * 

v(i 

where h is the pitch of the rifling, h the tangent of the angle which 
the groove makes with the plane of xy, the other constants, etc., bear- 
ing the meaning I have already assigned to them. 

Now to obtain the numerical values of li from the above equations, 
a knowledge of the values of G, that is, of the total pressures acting 
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on the base of the projectile, and in the case of the parabolic rifling 
of the velocity at all points of the bore, is necessary, and, the 


Table 2. — Umform rijlinff^ amide powder. 


Travel of shot in 
bore, in feet. 

Total pressure, etc., 
on base of shot, in 
tons. 

Total pressure B be* 
tween driving sur- 
face of grooves and 
ring of projectiles, 
in tons. 

0*5 

254*7 

19*9 

1-0 

• 264*0 

20-7 


245*0 

19*2 

2-0* 

207-9 

16-3 

2-5 

175-7 

13*7 

3*0 

150-7 

11*8 

4*0 

115*2 

9*1 

5-0 

94*9 

7*4 

6*0 

80*6 

6*3 

7*0 

69*5 

5*4 

8*0 

60*0 

4*7 

9-0 

52*1 

4*1 

10-0 

44*8 

3*5 

11*0 

38*4 

3*0 

12-0 

32*9 

2*6 

13*0 

28*4 

' 2*2 

14-0 

24*3 

1*9 

14*4 

22*6 

1*8 


Table 3. — Parabolic rifling amide powder* 


Travel of shot 
in boro, in feet. 

Total pressure on 
base of shot, in 
tons. 

Velocity, 
feet per second. 

Total pressure R 
between driving 
surface of groove 
and ring of pro- 
jectile, in tons. 

0*5 

254-7 

548 

7*9 

1*0 

264*0 

849 

9*7 

1*5 

245*0 

1064 

10*3 

2*0 

207-9 

1224 

10*5 

2*5 

175-7 

1343 

10*5 

3*0 

150-7 

1437 

10*4 

4*0 

115*2 

1577 

10*5 

5*0 

94*9 

1680 

10*8 

6*0 

80*6 

1761 

11*1 

7*0 

69*5 

1828 

11*4 

8*0 

60*0 

1884 

11*6 

' 9*0 

52*1 

1931 

11*8 

10*0 

44*8 

1970 

^ 11*9 

11*0 

38*4 

2004 

12*0 

12*0 

32*9 

2032 

12*0 

13*0 

28*4 

2056 

12*1 

14*0 

24*3 

2076 

12*1 

14*4 

22*6 

2084 ’ 

12*1 


explosives used being novel, for this investigation, as well as for 
other purposes, I have recently determined by direct experiments in 
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the bore of a 12-enl gun the niean yelocities and m 

gaseous pressures at all points of the bore, both for the amide powder, 
mainly used in this investigation, and for cordite. 

The emrve shown on Plate XXL (p. 396) exhibits for the charges 
used and explosives I have named the results of these experiments, 
and, employing these values, the tables on p. 389 give for liniforni and 
parabolic rifling the value of K, that is, the pressure tending to give 
rotation calculated from formulee (1) and (2). They al^o give the 
pressure acting on the base of the shot, and the velocity in the 
bore. i 

The values of E, as given in the last columns of the ajbove tables, 
are graphically shown on Plate XXIL (p. 396), and from a compari- 
son of the two curves it will he readily seen that, although the 
maximum pressure between the driving-surfaces is not so high with 
the parabolic as with the uniform rifling, yet, as has been pointed out 
by Professor Osborne Eeynolds, the mean driving-pressure is with 
the parabolic rifling considerably higher, and as the energy absorbed 
by the friction between the driving-surfaces is approximately pro* 
portional to the mean driving-pressures, the loss of energy with 
that form of rifling is appreciably greater than with the uniform 
rifling. 

In the experiments I am now discussing the mean driving-pressure 
throughout the bore was, with the uniform rifling, 7%35 tons; the 
mean loss of energy due to the uniform rifling was 21 foot-tons ; hence 
the coefficient of the friction between the driving-surfaces derived 
from these particular experiments is = 0 1 99. 

Again, with the parabolic rifling, the mean driving-pressure 
throughout the bore is 11*06 tons, and if we had only a similar friction 
to consider, the loss of energy with this rifling should be proportioned 
to the pressure. The loss, however, is much higher, amounting, in 
fact, to 60 foot-tons. Part of this extra loss must be ascribed to the 
continual alteration of form that the copper driving-ring is subjected 
to in its passage up the bore,^ but it seems to be doubtful if the 
whole of this loss can he ascribed to this causa Part may possibly 
be ascribed to the ribs being continually forced, so to speak, to ride 

* The action X refer to will readily be understood from the annexed diagram 
(%. 2). If the thick lines represent the plan of one of the grooves at the initial 
angle of the rifling, the projections on the driving-ring will be moulded into that 
form, and if the light lines represent the groove at its terminal angled it will be 
seen that the final form of the projections on the ring will be as shown by the 
shading, while the cross-hatched portion represents the metal removed by the 
action of the driving-surface. 
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Fig. 2. 


i 

■ 

m 

pf/l/i/Mj 


on to the sloping-driving-s-arfaee ; but the number of rounds in each 
case being few, a part may possibly be ascribed to variations in the 
energy developed in the gun. Variations in energy, under precisely 
similar conditions, might easily amount to 1 or 2 per cent,, or 
occasionally more, and, as will be subsequently seen, the differences 
between the uniform and parabolic rifling, although always in the 
same direction, are no1j the same in all the series, 
and the mean of the whole will probably give the . 
most reliable result. 

Summing up the resulfe at which we have so 
far arrived in the experiments I ..have discussedj it 
appears that the total loss of energy arising from 
the fouling of pebble-powder and from the friction 
due to the parabolic rifling together, amounted 
to close upon 7 per cent, of the whole energy 
developed. 

The third and subsequent series of experi- 
ments were made some weeks later, and from 
climatic or other causes there was a slight but 
decided decrement in the energy obtained with the amide powder; 
This decrement did not in any way affect the experiments, exce|)t that 
the absolute values cf the energies at the different dates are not 
strictly comparable. 

The object of the third series was to ascertain if a narrow driving- 
band would rotate the projectile equally well, as with an increasing 
twist it is important, if rotation be secured, that the breadth of the 
driving-band be as small as is convenient, and further, as in the last 
series, to ascertain the loss of energy due to the uniform and para- 
bolic rifling. 

The results of this third series were as shown in Table 4 (p. 392). 

The results of this seriea. confirm generally those of the previous 
series. The loss of energy due to the friction of the uniform j rifling 
amounts to 14 foot-tons, or a little more than 1 per cent., while that 
due to friction and other causes with the parabolic rifling ajnounts 
to 57 foot-tons, or about 4*1 per cent., and: nearly the same as j before. 
The diflerence between the uniform and parabolic rifling should have 
been less than in the former series ; as a matter of fact it is greater, 
but this may be accounted for by variations in the powder |as pre- 
viously suggested, as the suppression of a single round ih each 
of the two guns would make the results in accordanc^ with 
theory. ■ 
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Section 



Table 4. — Hemlts of experiments with rings of section “I?/’ 


Nature of rifling. 

Muzzle 

velocity. 

MuzzlS 

energies. 

Mean 

muzzle 

velocities. 

Mean 

muzzle 

energies. 


F.S. 

F.T. 

F.S. 

F. T. 


f 2112 

13921 



No twist , 

4 2104 

1381 [ 

2113 

1394 


12124 

1408 J 




r2109 

13931 



Uniform twist * 

■{2094 

1373 V 

2099 

1380 


(2095 

1375 J 




r2067 

133*81 



Parabolic twist , 

4 2066 

1337 V 

2066 

1837 


(2066 

1337 J 




Sec-tion 


I 



Table 5, — Results of experiments with drwing-rmgs of section “ (7.” 


Nature of rifling. 

Muzzle 

velocities. 

Muzzle 

energies. 

Mean 

muzzle 

velocities. 

Sl'ean 

muzzle 

energies. 


F. S. 

F.T. 

F.S. 

F.T. 


(2131 

14171 



No twist . • 

|2114 

1394}- 

2120 

1402 . 


(2114 

I 394 J 




(2092 

13711 



Uniform twist .■ 

i 2082 

1368 V 

2087 

1364. 


(2088 

1366J 




(2068 

13391 



Parabolic rifling 

i 2066 

1337 V 

2068 

. 1340 ■. 

r— — — - 

(2071 

1343 J 
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The coefficient of friction calculated from the imiform rifling 
.gives./^i ~0T33. ^ 

The driving-ring in this series was amply sufficient for rotative 
piirposes, there not being even with the highest velocity obtained the 
slightest appearance of slip or undue wear. 

In the fourth series the driving-ring was of the government 
pattern, but longer, and as is shown in section C,” and the results 
obtained were as given in Table 5. 

The loss of velocity due to the uniform and parabolic rifling is, 
from these experiments, respectively 33 and 52 feet per second, and 
the loss of energy respectively 38 and 62 foot-tons, or, expressed in 
percentages, 2*71 per cent, for the uniform rifling and 4*72 per cent, 
(the highest reached) for the parabolic rifling. 

The value of the coefficient of friction, calculated from the 
uniform rifling, is 0*359. 

The fifth and sixth series were fired with driving-bands of the 
government pattern, but with radii successively slightly increased, 
as shown in the diagrams, and the results are given in Tables 
6 and 7 (p. 394). 

From these two tables it will be seen that the loss of velocity 
due to the imiform and parabolic rifling is, in Table 6, 12 feet per 
second and 64 feet per second respectively ; and in Table 7, 18 feet 
per second and 36 feet per second respectively; these velocities 
corresponding to losses of energy of 12 foot-tons and 19 foot-tons 
due to the uniform twist, and 41 foot-tons and 42 foot-tons, or about 
3 per cent., due to the parabolic rifling. Calculated as before from 
the uniform rifling, the coefficients of friction are respectively 0*114 
and 0*208. 

Examining now with respect to the uniform rifling the whole of 
the series I have described, and observing that with this rifling the 
particular form or width of the driving-ring would have but a very 
slight, if any, effect upon the loss of energy due to friction, it will 
be seen, from Table 8, that the mean loss of energy amounts to 1*52 
per cent, of the total energy, corresponding to a mean coefficient of 
friction of 0*203, or, say, 0*2. 

If, as I have pointed out, the loss of energy in the parabolic 
rifling was proportional to the pressure on the driving-surfaces, 
the additional loss due to that rifling would be 0*74 per cent. 
The actual additional loss is, on the mean of the whole of the 
experiments, about three times as great, the mean loss due to para- 
bolic rifling being, as shown by Table 8 (p. 395), 3*78 per cent., and 
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Section 



Fig* 6. 


Table 6. — Results of experiments with driving-^rings of section 


Nature of rifling. 

Muzzle 

velocities. 

. • 

Muzzle 

energies. 

Mean 

muzzle 

velScities. 

Mean 

muzzle 

energies. 


F. S, 

F.T. 

F. S. 

F.T. 


(2182 

14181 



No twist • 

\ 2124 

1408 t 

2126 

1411 


(2123 

1406 J 




(2113 

13981 



Uniform rifling . 

i 2115 

1401 V 

2114 

1S90 

(2114 

I399J 




(2099 

13801 



Parabolic rifling 

■I 2095 

1375 Y 

2092 

1370 

(2081 

1356J 




Section F.’ 



Fig. 7. 


Table of experiment with driving-iings of section 


Nature of rifling. 

Muzzle 

velocities. 

Muzzle 

energies. 

Mean 

muzzle 

velocity. 

Mean 

muzzle 

energy. 


F. S. 

F.T. 

F. S. 

P. T. 

’ No twist . 

(2112 

4 2141 

13921 
1430 V 

2131 

1417 


(2141 

1430j 



Uniform rifling . 

(2104 
-1 2110 

1378') 
1384 Y 

2113 

1398 

(2124 

1413 J 



Parabolic rifling 

(2093 

1 |2099 

1372Y 
1380 ( 

2095 

1375 

(2094 

I373J 
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this eo.iisideral3le increment Biay'. he ascribed to the causes, I .have 
irientioned, ■ ^ 

Table S.‘~-Showmffth&pe7'eentm/eofhs8ofemrffi/dmtofrwtion in the mri(m-s 
serks; showing uho ths deduced mlm of the coefficient of friction, ■ 


Se,r:!(3s. 

Lobh due to 
uiiiforui rifling. 

■ 

Loss due to 
painljolic rifling. 

Coefilcieiit of 
Iriction. 


Per cent. 

Per cent. 

P‘1 


1*48 

4*23 

0*199 

3 

1*01 

4*00 

0*133 

4 

2*71* 

4*72 

0*359 

5 

^ 0*85 

2*90 

1 0*114 

6 

1*55 

2*97 

1 0*208 

Means . 

1*52 

3-7S 

0*203 

1 


It may be worth wliile to mention that, in the groove formerly used 
in the service, tlie angle Ijetween the normal to tlie driving isurface 
and the radius could, without serious error, be taken as = 90®, In 
the groove adopted in the guns inuler consideration the mean value 
of S is only al)out 34® 45', and this difference in the driving-angle 
increases the value of E, and, in consequence, the friction, by about 
76 per cent. It would bo interesting to make careful experiments 
to ascertain if there 1)6 any measurable difference in energy if an 
angle more nearly approaching to 90® were adopted. On account of 
the different length of the radius of gyration in the case of a solid 
shot and of a shell, the value of E is considerably affected when the 
latter projectile is fired. The difference of values is shown by the 
curves on Plate XXII. 

In nearly all the countries of Europe an increavsing twist is the 
form of rifling usually adopted; and, with such a consensxis of 
practice, it must be assumed that some advantage is supposed to be 
gained by its use. There is, of course, with the parabolic rifling a 
less maximum pressure on the driving-surfaces ; but, as far as energy 
is concerned, both theory and the experiments I have detailed concur 
in showing that there is a distinct and very appreciable loss resulting 
from its employment. It is quite possible, although I am not 
acquainted with any carefully-conducted experiments on the point, 
that superior accuracy may be the advantage obtained; and if this 
were decidedly so, a loss, of one or two per cent, of energy would not 
be, perhaps, a serious, price to' pay; but as, without any incon- 
venience, the question of accuracy could be, easily,; settled, I trust 
that before very long this point also may be definitely determined. ' 
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It only remams to give the results obtained with cordite. At 
the time the experiments were made, I had only at my disposal a 
very limited amount of this explosive, and I was only able to fire one 
round in each of the guns, using the driving-rings marked A, B, and 
0. As it would be useless to attempt to draw general conclusions 
from single rounds, and as in guns of the calibre experimented with 
the difference between the driving-rings is not very marked, I have 
treated the series as if all the rounds had been fired with the same 
driving-ring; the results are given in Table 9. 


Table 9. — Remits of experiments with tordite* 


Nature of rifling. ■ 

Muzzle 

velocities. 

Muzzle 

energies. 

Mean 

muzzle 

velocities. 

Mean 

muzzle 

energ'ies. 


F.S. 

F. r. 

F. S. 

F. T. 


(■2177 

14791 




No twist , 

4 2171 

1476 


2181 

1488 


[2194 

1509 J 





r2160 

1461] 




Uniform rifling • 

42161 

1462 


2164 

1467 

[2172 

, 1477 J 





12156 

1455" 




Parabolic rifling 

42152 

1450 


2155 

1454 

[2157 

1457J 

1 




From the cordite experiments, it follows that the loss of energy 
due to the uniform rifling is 21 foot-tons, or 1*43 per cent., and to 
the parabolic rifling 34 foot-tons, or 2*3 per cent. : the coefficient of 
friction deduced from the loss of energy with the uniform rifling 
being 0*199, or nearly the same value as was given in Table 8. 
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INTEEKAL BALLISTICS 

{Lecture delimred lefore the Crreenoch Philosophical Society, lith 
February 1892, in hmour of the anniversary of the birth of 
James Watt) • 

In the lecture I am about to deliver, some account will be given 
of the progress that has been made in the science of artillery during 
my own lifetime; but that progress without the work of Watt, and 
the manufacturing facilities he has placed at our disposal, would 
have been impossible. In treating of artillery, I shall have to occupy 
myself to a large extent with the explosive substances which are, or 
may be, used as propelling agents. I shall in certain instances 
exhibit the decomposition that explosives undergo, and endeavour to 
show that in the realisation of tlxeir explosive power, heat, a mode 
or form of motion, plays the whole and in the application of 
explosives to artillery, tliat a gun may be considered as one of the 
simplest forms of a themio-dynamic machine — the bore may be taken 
as resembling the cylinder of a steam, engine, while the projectile may 
be considered as the accurately fitting piston. The pressures 
developed are, it is true, enormously higher than in the steam engine ; 
but by means I shall describe, diagrams of these pressures at all 
points of the bore can be made, and will be exhibited to you. 

The explosives that are probably best known to most of you are 
those in which certain chemical compounds or mixtures are converted 
instantaneously, or at least in an extremely minute space of time,, 
into a gaseous or partially gaseous mass, oecupying a volume very 
many times greater than that of the original body ; such decomposi- 
tion being generally associated with an immense development of heat, 
the heat of course exercising a most important influence, not only on 
the pressure developed, but on the energy which the explosive is 
capable of' generating. 

, ' Gunpowder, guncotton, amide powder, picrates .of potassa and 
ammonia, nitro-glycerme, fulminates, ..and. among, the new explosives, 
ballistito and cordite may be cited, as explosives , of . this class ; 
examples of the majority of these explosives are on the tables 
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before you, and it is with this class that artillerists have chiefly to 

.deaL""./^ 

' ' But. I need, hardly say that there are numeroiis classes of , 
explosives, of a very different character from the class I have cited 
above. In that class which consists generally of a substance capable 
of burning, and of a substance capable of supporting conibustion, 
both descriptions of substances are in the “solid state. In, for 
instance, gunpowder or cordite, the carbon is associated with the 
oxygen in an extremely condensed form ; but prior to the reaction, 
the oxidisable and oxidising substances may be either, as in the class 
I have cited, solid, or they may be liquid or gaseous, or any combina- 
tion of these three states of matter. Some examples of such explo- 
sives will readily occnr to you. 

Again, finely divided substances capable of oxidation may, when 
mixed with atmospheric air, form explosives which have occasionally 
been very disastrous, while the minute particles of coal-dust floating 
in the atmosphere of our mines have either originated serious and 
fatal explosions, or in a very high degree intensified the disastrous 
effects of an explosion of marsh-gas. 

Flour dust and sulphur dust suspended in the air, have also occa- 
sionally given rise to serious explosions ; while, as instances of tlie 
explosive effects of a mixture of gases I need only cite those of 
mixtures of air or oxygen with carbonic oxide, of marsh-gas with 
oxygen, or of the mixture of hydrogen and oxygen forming water, 
which, if regard be had to the weight of the combining substances, 
forms an explosive possessing a far higher energy than is possessed 
by any other substance with which I am acquainted. 

In the course of my lecture, I propose in the first instance to 
select one or two of the simpler cases of explosives, with the view of 
drawing your attention to some important points, but shall d(3voto 
my main attention to gunpowder, at once the best known, and in its 
decomposition the most complicated, of the explosives with which we 
have to deal. 

I have stated that an explosive may be either solid, liquid, or 
gaseous, or any combination of these three states of matter. As my 
first illustration, I will take an explosive in the gaseous form, and one 
which I have more than once cited as being the simplest form of 
explosive we can select. 

If we take equal volumes of hydrogen and chlorine at a tom])ora- 
ture of 0° Cent, and a barometric pressure of 760 mm., mix them, and 
apply adight, the mixture will explode violently, and liydrochloric 
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acid will be formed by the explosion. If we suppose the gases to be 
fired in an indefinitely long tube, closed at one end, and with an 
accurately-fitting piston working in it, the piston, immediately the 
gases are fired, will occupy a very different position on account of 
the great expansion due to the heat produced by thb combination ; 
but if we supjioso the gases to be cooled so that the whole apparatus 
is again reduced to thB temperature and barometric pressure from 
which we started, the piston will be found to have returned to its 
original position, the combined gases occupying precisely the same 
space as they did prior to tBe explosion. 

Now this particular case of an explosive is of great importance to 
us, because, as you will have noted, the exploded gases at the same 
temperature occupy precisely the same space as before, and the 
explosion is not complicated by any absorption or increment of heat 
due to change of state of the explosive, or by any condensation or 
reduction in volume. 

One of the most important points connected with the theor’y of 
any explosive, is the determination of the quantity of heat generated 
when a given charge is fired. By the expression “ quantity of heat ” 
you of course understand that I do not refer in any way to the 
temperature of the fired explosive, a point which I shall also discuss, 
but to its thermal capacity, or power of communicating heat to some 
standard substance. Quantities of heat are usually expressed in 
units of weight of water heated by a fixed amount (generally 1°) on 
some tbermometric scale. In England the unit frequently is a pound 
of water raised through 1° Eahr. Thus 1 lb. of carbon in burning to 
carbonic acid is said to be capable of generating 14,500 British units 
of heat, that is, to be capable of raising 14,500 lbs. of water through 
1° Eahr. English chemists, however, now almost invariably adopt the 
French unit, and the unit I shall use will be 1 grm. of water raised 
through 1” Cent. 

The heat caused by the explosive I am now considering amounts 
to about 23,000 grm. -units per gramme of hydrogen, or to about 600 
grm. -units per gramme of the mixed gases, and these figures express, 
without addition or deduction, the energy or total amount of work 
stored up in the imexploded mixture ; and from that datum, knowing 
the specific heat, we are able to calculate not only the work which 
the gases, in expanding under the influence of the heat generated, 
are capable of performing, but also approximately the temperatmre of 
explosion, and the maximum pressure produced by the explosion. 

If, instead of a volume of chlorine and a volume of hydrogen, we 



400 


INTEENAL BALLISTICS 


take two volumes of hydrogen and one volume of oxygen, these being 
the proportions which when combined form water, there is much 
greater development of beat than in the case of hydrogen and 
chlorine, 

The^ explosion is not quite so simple.. You will remember that 
with ■ the chlorine mixture, when the exploded gases , were again 
reduced to the temperature and pressure existfng before the explosion, 
the piston, which was supposed to be free to move in an indefinitely 
long cylinder, returned to its original position. In the present case, 
however, the piston will be found to stan^, not at the original height 
but at two-thirds of that height, so that the aqueous vapour has 
suffered a condensation of from three volumes to two volumes, and 
the great heat indicated by the calorimeter (about 3300 grm.-units) 
per gramme of the mixed gases is an index of the energy stored up 
in the unexploded gases. Erom this determination we are able, as 
in the last instance, to determine approximately the temperature of 
explosion, and the pressure exerted on the walls of a close vessel at 
the moment of explosion. 

You will remember I have stated that, with reference to weight, 
the potential energy of this mixture of hydrogen and oxygen is liigher 
than that of any other known substance ; but various difficulties 
which will readily occur to you have prevented its use either as a 
disruptive or propelling agent. 

I now turn to explosives which before their explosion are in the 
solid state, and I shall select those which are principally used as 
propelling or disruptive agents. 

Commencing with gunpowder — the oldest and the best known 
explosive— it is easy to see how the name arose ; 1)ut the term is a 
complete misnomer when applied to some of the samples I have here, 
and which may be new to some of you. 

Here is the powder known as “ E. E. G ., rifled fine grain. It 
differs very slightly in appearance from ordinary sporting powder. 
Here is L. Gr.,” or rifled large grain. Here pebble. Here a so- 
called powder known as Eg. I exhibit a single grain, and you will 
note to what a formidable size it has attained. Here is ordinary 
prismatic powder, and here again a prismatic powder about which I 
shall have something to say, known as brown prismatic, or cocoa- 
powder. Here is amide prismatic — a powder in which a portion of 
the nitre of ordinary powder is replaced by nitrate of ammonia, 

I propose, in my remarks,, to draw your, attention chiefly to 
investigations and researches on the phenomena attending tlie 
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explosion of giinpowcler which have been carried on during recent 
years, and with which I have been more or less connected ; and I 
shall not refer to the labours of earlier investigators except when it 
may be necessary to point out in what respect the conclusions I draw 
differ from those of the eminent men who have laboured in the same 
path, and when I do so differ, I shall endeavour to give you, as clearly 
and concisely as I can,* the grounds upon which my own conclusions 
are based.' 

And I shall first address myself to the examination of what occurs 
when a charge of powder is^fired in a vessel in which the products of 
combustion are absoltitely confined. If we suppose a charge to be so 
fired, there are a number of questions which have to be answered 
before we are in a position to theorise as to what happens in our 
close vessel, or in the more important case of a charge fired in a 
gun. 

Among such questions, and to which in the course of my remarks 
I shall endeavour to give answers, are the following : — 

(1) What is the metamorphosis experienced by gunpowder in its 
explosion ? or, in other words, what substances are produced by its 
combustion ? 

(2) What proportions of the products of combustion are at 
ordinary temperatures non-gaseous? 

(3) What proportion are permanent gases? and what is the 
volume of these permanent gases? 

(4) In what state do the non-gaseous products exist at the 
moment of explosion? 

(5) What is the quantity, that is, what is the number of units of 
heat produced by the combustion of a given weight of gunpowder ? 

(6) What is the temperature of the products of combustion at 
the moment of explosion? 

(7) What are the mean specific heats of the products of 
explosion? 

(8) What is the relation between the tension of the products of 
explosion and their mean density ? 

(9) What changes, if any, are produced in the products of 
explosion by varying the gravimetric* densities of the charge? 

(10) What is the effect of changes in the chemical composition of 

* The gravimetric density of a charge in the chamber of a gtin or explosion- 
vessel is the ratio between the weight of the charge and the weight of water at its 
standard density which would dll the chamber.— Thus, if the chamber of a gun 
would hold 100 lbs* water, and the gun be fired with a charge of 80 lbs., the gravi- 
metric density of the charge is *8, 

' ' ^ C 
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powder oh the products of explosion, on their tension, or on the heat 
developed? 

(11) What alteration, if any, is produced on the same vavial ties 
by changes in the physical characteristic of tho pow<loi‘, such as, ibi' 
example, changes in the density and size of grain, presoncjo of 
moisture, etc. ? 

Now, in attempting to answer these questions, and othors which 
may arise in the course of my remarks, I shall, in tins first part of 
my subject, describe chiefly experiments that have been carried on 
by myself in conjunction with my distingtiished friend Sir F. Abel. 

But before passing to the results of our researches I propose to 
give you a description of the vessels in which the explosions were 
produced, and two forms of this apparatus are exhibited in Figs. T. 


Ffo. 1. 

EXPLOSION VESSEL. 



and II. The first vessel was employed for moderate charges, and for 
experiments connected with measurement or analysis of the ga.sos. 
The vessel in Fig. II. is intended for the combustion of very large 
charges. 

The vessel in Fig. I. consists of a steel barrel A, open at both 
ends, the two open ends being closed by carefully-fitted screw plugs 
furnished with the gas-checks E, Fig. II., to prevent any escape past 
the screw. The action of the gas-check is not difficult to understand. 
The pressure acting on both sides of the annular space E prossos 
these sides firmly against the cylinder and against tlie ]dug, ixnd 
should there be no failure of the parts, effectually provent.s iuiy 
escape. In the firing plug is a conical hole closed by tho conn f’, 
which is ground into its place with great exactness, and which, when 
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the cylinder is prepared for firing, is covered with very fine tissue 
paper to act as an insulator. The two wires, G-, G, one in the 
insulated cone, the other in the firing plug, are connected by a very 
fine platinum wire passing through a glass tube filled with mealed 
powder. This wire becomes red-hot when connection is made with 
a Leelanohd battery, and the charge is thus fired. It is hardly 
necessary to say that, Sfter firing, the cone is firmly pressed into its 
place, and the only effect of pressure is the more completely to close 
the aperture. To illustrate how eompldtely and thoroughly this cone 
does its work, I may say that when the cylinder has been subjected 
to a very heavy pressure frequently, no amount of hammering will 
loosen it or indicate that it does not form part of the firing plug 
itself. To remove it, it is necessary to heat the whole plug to a red 


Fi«. IL 

EXPLOSION VESSEL. 



heat, and when the tissue paper is destroyed the cone comes away 
easily. The crusher-plug is fitted with a crusher-gauge H for deter- 
mining the pressure of the gases at the moment of explosion, and in 
addition to this gauge I have frequently had one or two gauges (later 
■on I will draw your attention to these) placed loose in the interior of 
the cylinder. I is the passage for letting the gases escape. When 
it is wished to do this, the screw J is slightly withdrawn. When the 
gases pass into the passage I, they can be led to suitable vessels 
where their volume can be measured, or portions of them may be 
sealed for analysis by methods that have been elsewhere fully 
described. 

Before leaving the explosion apparatus, one or two interesting 
points may be noted. If, as generally happened, the vessel was 
perfectly tight, there was on firing no sound whatever, or if high 
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charges of powder were used, a slight “ click,” caused by the trifling 
motion of the cone forced by the pressure more lirmly into its seat. 

The sound in this respect offered a strong contrast to that caused 
by guncotton, the motion of the cone in this case, though only 
through two or three thousandths of an inch, producing an o-vetned- 
ingly sharp sound like that of a percussion caj) or tho snapiuug of a 
strong musket-lock. But if any of tho scroVs wore not porfoctly 
home so that no appreciable amount of gas could osoapo, tho gases 
instantly on their generation cut a way for themselves, and tho sound 
in this case varied according to the rapidity of escape, from a hissing 
sound like steam escaping at high tension, to one approaching the 
violence of an explosion. It may be worth while to note that in the 
case of a charge of powder not absolutely confined, but allowed to 
escape through a vent of the size ordinarily used in the guns, the 
gases escape with such rapidity that the report with F. G-., or E. F. G., 
can hardly be distinguished from that of a gun. 

If the diameter of the vent, however, bo halved, the duration of 
the report is distinctly perceptible. 

The effect of the escaping gases on the metal is very remarkable. 
I. submit for your examination a cone and a gas-cheek past which the 
products of combustion have accidentally escaped, and I also submit a 
vent through which the products of explosion of a considerable charge 
have, for a special experiment of my own, been allowed to oseapo. 
You will note that the great enlargement of this vent from its original 
size was made by a single discharge, and yon will further observe in 
all these instances the singular appearance of the metal at the points 
of escape, the metal presenting the appearance of having been washed 
away in a state of fusion by the rush of the highly-heated products. 
The examination of the effect produced by a single discharge — and 
that, taking into consideration the magnitude of the charges which 
are now used, not a large one — will enable you to appreciate how it is 
that guns of the present day became so severely scored after firing 
what would, when I entered the service, have been considered a very 
moderate number of rounds. 

To give you an idea of the appearance of this scoring, I have here 
two impressions, one of part of the bore of a gun before issue, and 
another the impression of the same part of the bore, showing sever© 
scoring. 

I will add, that when scoring has once become marked tlie 
deterioration proceeds with ever-increasing rapidity, and under certain 
circumstances shows a tendency to develop cracks. To avoid what 
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would, ill the old construction of guns, be a great danger, nearly all 
modern guns are so constructed as to be capable of withstanding the 
normal working pressures even should the inner tube or lining be 
entirely cracked through. 

The powders which in the first place chiefly occupied the attention 
of Sir F. Abel and myself in cur researches were those which were 
than used in the service for war purposes, and which were known as 
F. G., E. F. G, and pebble. Their composition was approximately 75 
parts of saltpetre, 16 charcoal, and 10 of sulphur; but our researches 
have extended to a great variety of other powders, and in the annexed 
table, No. 1, I give an analysis, not only of the Waltham- Abbey 
powders, but of a variety of other powders differing considerably 
either in composition or in physical characteristics from Waltham- 
Abbey powders. With each of the Waltham- Abbey powders a very 
numerous series of exceedingly laborious experiments have been 
made. For each powder, among other experiments, the products of 
explosion have been collected and analysed for gravimetric densities, 


Table 1. — Composition of gnnpoxoders experimented with. 



A 

M 

'S 

1 

is 

0) 

nd 

1 

? 

1 

Ph 

Powder *‘D.” 

Cocoa. 

Pebble, W.A. 

o 

<5 

pcj 

Spanish. 

to 

!§ 

W 

D 

Mining. 

Saltpetre 

*8130 

•7783 

‘6374 

•7724 

•7883 

•7476 

*7456 

•7391 

-7569 

•7468 

•6192 

Sulphur , 

•0018 

•0028 

•1469 

•0615 

•0204 

•1007 

•1009 

•1002 

•1242 

•1037 

•1506 

Charcoal . 

•1671 

•1972 

•2018 

•1543 

•1780 

•1422 

•1429 

•1459 

•1134 

•1378 

•2141 

Water 

•0181 

i-02l7 

*0139 

•0118 

•0133 

*0095 

•0106 

•0148 

•0065 

•0117 

•0161 

Units of heat . 

800 

715 

525 

745 

837 

721-4 

725-7 

738 -3 

767-3 

764-4 

516-8 


ascending from ‘1 until the explosion-vessel was as full as it would 
hold ; and for each of these experiments the tension of the gaseous 
products at the moment of explosion was determined. 

I shall not fatigue you by detailing the results of the analysis of 
these experiments, but I have placed on the annexed table, ITo. 2, the 
mean results of the decomposition of the powders, and in the last two 
columns you will note that the proportions of the solid and gaseous 
products are given for each description of powder. 

Let me now make a little experiment which I dare say most of 
us, at one time or other in our lives, have made for ourselves. On 
these plates I have trains of two or three varieties of ordinary 
powder. I fire them, and you will note, in the first place, that an 
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appreciable time is taken by the flame to pass from one end to the 
other; but yon will also note that there is a large quantity of what 
is called smoke slowly dijffusmg itself in the air. 

Now this so-called smoke is really only finely-divided solid matter 
existing as a fluid/ or volatilised only to a very slight extent' at , the 
moment of explosion; and if the powder you Rave just seen fired had 
been exploded in larger quantity in a close vessel such as I have 
described, nearly 60 per cent, of the weight of the powder would have 
been converted into the so-called smoke, and when the products had 
cooled would have been found at the bottom of the cylinder in the 
shape of a dense, hard, evil-smelling substance, generally very 
difficult of removal, with a smooth, dark surface, and an olive green 
fracture. 

In the bottle which I hold in my hand, I exhibit to you a portion 
of the so-called smoke of a charge of 15 lbs. of powder fired in a close 
vessel in the manner I have mentioned. 

I need hardly call your attention to the magnitude of the charge 
which has thus been entirely confined. At the date of the Orimean 
war the higliest charge of tlie 56 cwt. 32-pr., the principal heavy gun 
of the service, was only 10 lbs., but I have fired and succeeded in 
absolutely retaining in one of these vessels a charge of no less than 
23 lbs. 

The principal constituents of the solid residue are potassium 
carbonate, potassium sulphate, and potassium sulphide, with small 
quantities of the other substances you see in Table 2. There are 
considerable fluctuations in the proportions of the principal con- 
stituents, two charges fired as nearly as possible under the same 
circumstances frequently differing more in the products of decom- 
position than do others in which both the nature of powder used and 
the gravimetric density at which they are fired have been changed. 
For these fluctuations it is diflScult to assign any cause, unless it be 
that in a combination and decomposition of such violence, the nascent 
products find themselves in contact sometimes with the products of 
explosion, sometimes with powder not yet consumed. 

But it may interest you to know the appearances presented by 
the solid products when cool, and after the opening of the cylinder in 
which the powder was exploded. The -whole of the solid products 
were usually found collected at the bottom of the cylinder, there 
being but an exceedingly thin deposit on the sides. The surface of 
the cl©i)osit was generally quite ’smooth, and of a very dark grey, 
almost black, colour ; this colour, however, was only superficial, as 
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through the Hack could be perceived what was probably the real 
colour of the surface, viz., a dark olive green. The surface of the 
deposit and the sides of the cylinder had a somewhat greasy appear- 
ance, and were, indeed, greasy to the touch. Wlion the charge was 
large and the confined gases at a high pressure wore allowed to oscajHi 
rapidly, the surfaces, especially in the vicinity of the point of escape, 
were covered with a deposit of solid carbonio acid, this deposit arising 
from the cooling effect due to the rapid expansion. 

In cases where the gas had escaped before the deposit was cold, 
the surface was rough, and the deposit somewhat spongy, as if 
occluded gas had escaped while the deposit was still in a semi-fluid 
state. In various experiments, on examining the fracture as exhibited 
by the lumps, the variation in physical appearance was very striking, 
there being differences in colour and texture, and also frequently a 
marked absence of homogeneity, patches of different colour being 
interspersed. 

There was no appearance of general crystalline structure in the 
deposit, but shining crystals of sulphide of iron were frequently 
observed. The deposit had always a powderful odour of sulphuretted 
hydrogen, and frequently smelt strongly of ammonia. It was always 
extremely deliquescent, and small portions, after a short exposure to 
the air, became black, gradually passing into tho inky-looking, pasty 
substance familiar to you all as resulting from the residue left in the 
bores of guns after practice. 

As in physical appearance, so in behaviour, when removed from 
the cylinder, the solid products presented great differences. In most 
cases, during the short period that elapsed while the deposit was 
being transferred to thoroughly dry and warm bottles, no apparent 
change took place, but in some a great tendency to development of 
heat arising from the absorption of oxygen from the air was apparent. 
In one ease where a deposit exhibited this tendency to heat in a high 
degree, a portion was ground, placed in the form of a cone on paper, 
and observed. The action proceeded very rapidly, the deposit on tho 
apex and in the interior, where there was greatest heat, clianging 
rapidly in colour to a light sulphury yellow, with a tinge of 
green. 

During the development of heat, the residue gave off a good deal 
of vapour, and an orange-coloured deposit, proljably resnll.iiig from 
this vapour, formed on the surface. The smell was very peculiar, 
sulphuretted hydrogen being distinctly perceptible, but being by no 
means the dominant odour. 
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The imximiim temperature occurred at about twenty minutes 
after the commencement of the exposure — a thermometer placed in 
the centre showing a temperature of over 600*" Fahr. The tempera- 
ture was no doubt somewhat higher, but the thermometer had to be 
removed, to avoid fracture. . The paper. on which this, deposit ..was 
placed was entirely burned through. 

From an examination of the cylinder when opened after an 
explosion, it was easy to see that the solid products had been in a 
fluid state ; but to ascertain the state of the contents at dijfferent 
periods, the following experiments were made. The cylinder, being 
about two-thirds full of powder, was fired, and 30 seconds after 
explosion was tilted so as to make an angle of 45°. Two minntes 
later it was restored to its first position. On opening, the deposit 
was found to be lying at the angle of 45°, and the edges of the deposit 
were perfectly sharp and well-defined. 

Again, the cylinder being about three-fourths filled with powder, 
was fired, and allowed to rest for 1 minute after explosion. It was 
tlien placed sharply at an angle of 46°, and 45 seconds later was 
retxirned to its first position. Upon opening, it was found that when 
the cylinder was tilted over, the deposit had just commenced to 
congeal, for upon the surface there had been a thin crust, which the 
more fluid deposit underneath had broken through. The deposit was 
at an angle of 45°, hut the crust through which the fluid had run 
was left standing like a sheet of ice.^ 

Another experiment with the vessel completely full of powder 
showed that at a minute and a minute and a quarter after explosion 
the non-gaseoiis products were still perfectly fluid, and that it was 
nearly 2 minutes before their mobility was destroyed ; and my con- 
clusion from the whole of the experiments is, that immediately after 
explosion the non-gaseous products are collected at the bottom of the 
vessel in a fluid state, and that some time elapses before the products 
assume the solid form. 

The existence of this fluid residue in the bore of a gun is some- 
times clearly shown by the occurrence of large splotches of residue, 
frequently close to the muzzle, and which indicate that considerable 
masses of the residue, travelling at a high velocity, had been arrested 

* Note. — In consequence of this action, in later experiments the deposit was 
not removed by chisels, but distilled water, freed from air by long-continued 
boiling, was siphoned into the explosion-vessel, so that air was never allowed to 
come into contact with the solid residue — when the cylinder was thus quite hlled 
with water, it was closed, and allowed to stand until the residue was completely 
dissolved. 


410 INTERNAL BALLISTICS 

by striking the sides of the bore. In the chamliors of gnus, again, 
considerable masses are frequently found, the rosiduo having evidently, 
while in a fluid state, run down the sides and (joIIocOhI at the bottom 
of the chamber. In the 100-ton giin ohambor inassos of almut tliroe- 
quarters of an inch in thickness have bo(ni found. Guo of those 
specimens is before you. 

Turn now to the gaseous products. Tho3o do Jiot exhibit the 
variations shown by the solid products; on the contrary, if tho 
powder be of similar composition, as, for instance, in the ease of tho 
Waltham-Abbey powders, the gases are remarkably uniform in com- 
position. In weight they amount to about 43 per cent, of the 
unexploded powder, and consist chiefly of carbonic anhydride, idtrogen, 
carbonic oxide, and sulphuretted hydrogen, with small quantities of 
marsh-gas and hydrogen. The proportion of carbonic acid was found 
slightly, but decidedly, to increase as the gravimetric density of the 
charge was increased; this, of course, corresponding with ineroasod 
pressure in the explosion-vessel, and pointing, under this condition, 
to a more perfect oxidation of the carbon. 

The quantity of permanent gases generated by explosion differs 
very considerably with the nature of the powder, and even with tho 
size of grain. Thus the quantity of gas generated by a gramme of 
dry pebble-powder was found to be 278‘3 c.c. ; by a gramme of E. L. Cl., 
274'2 ; and by a gramme of F. Q-., 263T. All tho above volumes are 
reduced to the standard barometric pressure of 760 inm., and the 
temperature of 0° Cent. 

I ought perhaps to explain, that the statement that a gramme of 
powder generates so many cubic centimetres is equivalent to the 
assertion that, at the temperature and pressure stated, the gases 
occupy the same number of times the volume that tho powder 
occupied in the unexploded state, the gravimetric density of the 
unexploded powder being supposed to be unity. 

You will observe that there is an appreciable difference in tho 
volume of the permanent gases generated by Waltham-Abbey pebble- 
powder and F. G., two powders which are intended to be of precisely 
the same composition, and which in reality differ but slightly. But 
if I take some other powders I have experimented with, you will find 
that the differences in the volumes of tho gases produced are very 
striking. Thus 1 grm. of Curtis & Harvey’s well-known No. 6 
powder generated 241 c.e., 1 grm. of English mining 3C0‘3 c.c., while 
1 grm. of Spanish pellet generated only 234-2 o.c. 

Table 3 shows the volumes of permanent gases evolved by tho 
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coiiilmstioii of 1 grm. of the powders whose composition was exhibited 
inTablol. 


Table fJm mlumes of jmmamnt gasm emlmd hy the combustion of 

1 gramme of the unckrmentiomd p 
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Powder B.” 
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(S 

Cocoa. 
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oT 
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''4 

K ■ 

d 
d ' 

Spanish, 

CD, V' 

w 

6 ■ 

Mining. 

Volumes of gases . 

254 

• 

315 

347 

282 

198 

278 

274 

263 

234 

241 

360 


Observe, now — for I shall shortly have occasion to draw yoiu^ 
attention to the point— the arrangement of these six last powders on 
the list If I place them in ascending order of magnitude with 
respect to the volumes of gas they respectively generate, first we have 
the Spanisli pellet with 234 volumes, next comes the Curtis & Harvey 
with 241 volumes, then F. G-. with 263, and so on, while mining- 
powder with 360 volumes closes the list. 

You will remember I have explained to you what I mean by the 
expression quantity of heat.” All the powders in Table 1 have, by 
carefully conducted calorimetric experiments, had the number of 
units of heat they were capable of evolving carefully determined, and 
the results of these determinations are given in Table 4. 


Taiile 4. — Bhoimig the units of heat evolved by the combustion of 
1 gramme of the undermentioned iwwders. 
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fS . 
o 

Ph 

9 

o 

Powder C.” 

Powder “D.” 

Cocoa. 

Pebble, W.A. 

4 

d 

d 

d ■ 
d 

4 

d 

Spanish, 

0. & H. No. 6. 

Mining, 

Units of heat . . i 

800 

715 

525 

745 

837 

721 

726 

738 

767 

764 

517 


As in the case of the quantity of gas, so with the heat evolved 
there is a great variation, but with this peculiarity, that the powders 
producing the largest quantity of gas evolve the least quantity of 
heat. Take, for example, the six last powders on the table to which 
I recently drew your attention. You will remember that when I 
gave you the volumes of gas generated by the different powders, I 
arranged the powders in an ascending order of magnitude. Now 
that j give you the quantities of heat evolved by the same powders^ 
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I arrange them in descending order, and I want you to o1)S(U*vo, as 
you will see from Table 5, that not only do the same pow(l(u:s hiiad 
and close the list, but that the order of arrangement taken from the 
two sets of data is absolutely identical. 


TabWsI 


Nature of powder. 

Units of liaat 
per gramme exploded. 

Cubic cenUiuctri^H 
of gas 

per graiiiino exploded. 

Spanish pellet . 

767-3 ' 

234*2 

Curtis & Harvey’s No. C , 

764*4 

r 241*0 

W.A.F.G. 

738*3 

263*1 

W.A.II.L.G. . 

725*7 

274*2 

W. A. pebble . . 

721*4 

278*3 

Mining 

516*8 

■ '360*3 


Observe also, that although the ininixig-powder generates aboni; 
50 per cent, more gas than does the Spanish spherical, on the other 
hand about 50 per cent, more heat is generated by the SpaniBh than 
by the mining-powder. As a matter of fact, the products of the 
-quantities of heat multiplied by the volumes of gas generated (whicli 
may be taken approximately as a measure of the potential energy 
stored up) do not differ very greatly from a constant rpiantity, and 
ns a further matter of fact, the pressures developed by tlie powders at 
various gravimetric densities are very much tlie same, and this 
-circumstance is remarkable when the variety in tlie composition of 
the powders and the decomposition which tliey experience is taken 
into account. 

But another question here arises, and that is, are we alile in any 
way to account for the great difference in tlie quantity of heat 
measured when two powders, such as inining and Spanish, are 
exploded? I believe we are, and I shall endeavour to make my 
meaning intelligible. 

You are all aware that when, for example, ice at 0*^ Cent, is 
converted into water at 0° Cent., or when water at 100® Cent, is 
converted into steam at 100® Cent., a large quantity of heat has to 
be communicated to the ice or water as the case may be,— and as this 
heat produces no effect on the thermometer, it has received the name 
-of latent heat. 

But the modern theory of heat— I need not detain you with an 
-explanation of this theory — ^has shown that the lioat wliich was 
supposed to have become latent has really disappeared in performing 
work of one sort or another — ^in doing work against molecular forciis, 
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or in commimieating motion to the molecnles of water. In placing 
a gramme of water at lOO"* Cent, in the form of steam at 100° Cent.;, 
no less than 637 units of heat are absorbed. 

Again, you all probably know that when a gramme of carbon 
unites with a single equivalent of oxygen, the gas carbonic oxide is- 
formed; and that when a second equivalent of oxygen is 'taken tip, 
carbonic anhydride, er in the old nomenclature carbonic acid, is- 
formed. But the quantities of heat generated when carbon burns, 
to carbonic oxide, and when carbon or carbonic oxide burn to 
carbonic acid, are well known, and it appears that while the union 
of one gramme of *carbon with an equivalent quantity of oxygen 
burning to carbonic oxide gives rise only to about 2445 units of heat, 
the assumption of the second equivalent quantity of oxygen gives 
rise to 5615 units, or to 8060 units in all 

Now I think we may regard it as certain that the great difference 
indicated in the heat shown by the figures I have given you is due 
to til© fact, that when carbon burns to carbonic oxide a very large, 
proportion of heat escapes measurement, because its potential energy 
lias been expended in placing the solid carbon in a gaseous form, just 
as in the case of water and steam which I cited just now, a large 
amount of heat is absorbed in placing the steam in a gaseous form 
Imt wlien carbonic oxide, which is already a gas, burns to carbonic 
acid no such expenditure of heat is necessary, and we are able to* 
measure, and if need be to utilise, the whole quantity, or at all events, 
the greater proportion of the heat generated. 

You will now, I think, have no difficulty in understanding the. 
interpretation I i3ut upon the relation between the quantities of heat 
generated and the quantities of permanent gas evolved by the- 
various powders with which I have experimented. 

The case is by no means a simple one, as a glance at Tables 2' 
and 3 will show you how numerous are the substances which play 
a part in the metamorphosis, and in addition the powders themselves 
differ very considerably; but I venture to lay down the broad rule, 
that the heat measured by the calorimeter in the case of the mining-- 
powder is greatly less than that measured in the case of the Spanish 
powder, because a much larger quantity of heat has been expended 
in placing the solid constituents of the powder in a gaseous state- 

Coming now to specific heat; since we know the sj^ecific heats at 
ordinary temperatures of the solid products of explosion, and since 
we know also the specific heats of the permanent gases, we should 
be in a position to determine the actual temperature of explosion if 
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wo coaid assume that the specific heats of tho solid products 
roiiminod in, variable over the great range of ioniporatiiro tlirough 
which they pass. 

Our (iistingxiishod predecessors in resoarches on giinpowdo,)* 
{'Lanson and Scliisclikoff) made this assumption, and fi*ojn it ca.](ui- 
latal the temperatures of explosion to he 3400"'* Cent., about 01 HO"' Fahr. 
Sir F. Abel and I arc, however, agreed in considering this hypothesis 
quito inadmissibla 

I know of no exception to the general experience that the specific 
heat is largely increased in passing from tlie solid to the li(][iiid state. 
The specific heat of water, for example, in so passing is doulxled, and 
in addition it is more than probable that even with lupiids the 
specific heat increases very considerably with the temperature. 

For these reasons, I consider it certain that the temperature of 
explosion calculated in the manner followed by Bunsen and Scihisch- 
koff would give a temperature much higher than that really attained. 
But the determination of the real temperature is a matter of extremis 
difficulty and doul)t. I employed two methods to sf^ttlo tho point, 
and these two methods gave approximately the same temporalmros. 

The first method I can only briefly describe, as its b«asis rests on 
theoretical considerations. It may bo thus (loseril.)od. If wo know 
the space in which a given quantity of permanent gases are coufimub, 
if we know also the pressure they exert upon tho walls of tho (ihamlxn* 
in which they are confined, we have the necessary data for determin- 
ing at what temperature the gases must 1)0. Now the course of our 
researches (and to these I shall presently refer) led us to a pretty 
definite conclusion as to the space that the permanent gases oceiipiod 
at the moment of explosion when confined in a close vessel, and a 
ealculation from the data I have mentioned gave a temperature of 
nearly 2200° Cent. 

To cheek tliis theoretical temperature I made numerous experi- 
ments with sheet and wire platinum of various degrees of tliickness, 
also with similar wires of iridio-platinurn. Now if the platinum, 
when the vessel is opened, were found completely melted, tliis would 
be a proof that the temperature of explosion is coiisideral dy higher 
than the melting-point of that metal. In the experiments in whiclv 
I have placed platinum wire or sheet in the explosion-vessel, altrhougli 
in nearly all cases the surfaces of the sheet or wire sliowed signs of 
fusion, there was only one instance in which the platinum was 
'Completely melted, and this was in the case of the explosion of a, 
charge of Spanish powder, which, you will remember, in the laxit 
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experiinents developed a larger quantity of heat than any of the 
other; powders. , 

The conclusion I draw from the whole of these experiments with 
platinum and iridio-platinum is, that since in nearly every case the 
surface of the metal was melted, or showed signs of fusion, and since 
in one case (and that the case where we know the greatest heat was 
developed) the platinum did fully and entirely melt, we may conclude 
that with these powders the temperature is above the melting-point 
of platinum, but not very greatly above it. 

Now the melting-point t)f platinum is about 2000° Cent., and of 
the iridio-platinum still higher. Hence, I should infer from these 
direct experiments that the temperature of explosion of powders like 
the W.-A. powders is between 2100° Cent, and 2200° Cent., thus 
confirming the theoretical determination to which I referred. 

The apparatus used for the determination of the tension or 
pressure existing in the closed cylinder at the moment of explosion is 
shown in diagram Tig. III., and its action is easily understood. The 

Fim ITL 

CRUSHER GAUGE. 



gauge consists of a small chamber in which is placed a cylinder of 
copper of fixed dimensions and well-determined hardness. This 
copper cylinder is acted on by a piston of steel, the piston itself being 
acted on by the tension of the gases. The pressure corresponding to 
a given compression of the copper cylinder being known and registered 
in tables, it is only necessary after each explosion to ascertain the 
altered length of the small pillars: In the earlier experiments a 
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single crusher-gauge only was enaployed ; bxxt in nearly all the more 
recent experiments two or three gauges were used so as to chock the 
accuracy of each determination. 

To ensure accurate results with these gauges, certain ])rc()autioim 
under varying circumstances have to be carefully attended to, or 
pressures may be obtained which are very wide of tlus tnith; but as 
this subject is of great importance and has caused no inconsidorablo 
amount of discussion, I shall endeavour to explain the conditions 
which under the indications given by the crusher-gauge may be 
safely relied on. ■*' 

It will be easily understood that if a pressure of, say, 20 tons per 
square inch is suddenly apphed to the piston, and if this pressure be 
resisted by a copper pillar which initially is only capable of support- 
ing, without motion, a pressure of 4 tons per sqxtaro inch, a certain 
amount of energy will be communicated to the piston, and the copper 
pillar when taken for measurement will have registered not only the 
gaseous tension, but, in addition, a pressure corresponding to the 
energy impressed upon the piston during its motion. 

To get rid of this disturbing cause, it has been found necessary, 
when high pressures are being measured, to employ cylinders which 
are capable of supporting, without motion, pressures very near to 
those which it is desired to measure. 

Thus, if it be desired to measure expected prossuros of 1.5 tons 
per square inch, cylinders which would support 14 tons woidd bo 
selected. If it were desired to measure 20 tons pressures, cylinders 
of between 18 and 19 tons per square inch would be taken, and so on. 

But there is another cause which may seriously affect the indica- 
tions given by the crusher-gauge. If we could suppose that an explo- 
sive was homogeneous, that it filled the chamber of the gun or 
explosion-vessel in which it was confined completely, that it could be 
instantaneously and simultaneously exploded right through its mass, 
and that when so converted into gas or other products of explosion 
there was no motion of any of the particles ; in that case, a properly 
adjusted crusher-gauge wotdd give an accurate measurement of the 
pressure ; but the actual state of the ease is very different. The explo- 
sive is generally lighted at a single point. The products of explo- 
sion are projected at a very high velocity, occasionally with large 
charges, through considerable spaces, and impress their energy upon 
any bodies with which they may come in contact. If that body 
happen to be the piston of a crusher-gauge, to the mean gaseous 
pressure existing in the chamber will or may be added the pressure 
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due to the action I have just explained. I may illustrate my mean- 
ing by asking you to imagine the effect of a charge of small shot fired 
into the crusher-gauge,— the products of explosion projected with a 
high velocity act in a precisely similar manner. 

But there is yet another point to consider. In the ignition of 
very large charges, especially when the explosive is transformed with 
great rapidity, it is d priori in every way probable that in different 
sections of the chamber very different pressures may exist, and experi- 
ments have shown that thi^ is the case. In such instances the crusher- 
gauges may give approximately the pressures that actually existed 
during an infinitesimal portion of time, but such pressures must not be 
taken as correctly indicating the pressure due to the density and 
temperature of explosion. It was to escape action of this sort that the 
very large grain slow-burning powders of the present day were elabo- 
rated, and with such powders the pressure in the powder-chamber is 
also tolerably uniform ; but with the old brisante powders a portion 
of the charge was exceedingly rapidly decomposed, the products of 
explosion were projected with a high velocity to the other end of the 
chamber, and on striking the shot or other resisting body this vis vim 
was recon Awted into pressure, producing intense local pressures. 
When this intense local action was set uj), it commonly happened 
that waves of pressure swept backwards and forwards from one end 
of the chamber to the other, and crusher-gauges placed at different 
points would register the maximum pressure of these waves as they 
passed. 

You will fully understand — I must not detain you by going into 
great detail— that these high local pressures act only upon a small 
section of the chamber at the same instant, and therefore are not 
very serious as far as the radial strength of the gun is concerned. 
They are however exceedingly serious in breech-loading guns, as the 
breech screw or other breech arrangement has to sustain the full 
effect of all such wave action as I have just been describing. In the 
/'brisante” powders of many years ago it was frequently a matter of 
doubt whether or not this wave action would he set up; but to 
illustrate my remarks I give you an instance which I have before 
cited., . . 

In experiments with a 10-inch gun in which a rapidly lighting 
powder was used, two consecutive rounds were fired, in one of which 
wave action was set up, in the other not. The two rounds gave 
practically the same velocity, so that the mean pressure in the bore 
must have been the same; but five crusher-gauges, three of which 
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were in the powder-ehainber, one in the shot-cliamber, and one a few 
inches in front of the shot-ohanibor, gave the following results 

With wave action, 63-4, 41’6, 37‘0, 41-9, and 25-8 tons i)(3r square 
inch. 

With no wave action, 28'0, 29'8, SO'O, 29'8, and 19'8 tons p(u’ 
square incli. ^ 

Chronoscopic observations of the velocity wore simultaneously 
taken in those two rounds, and were, as they ought to be, nearly 
identical. • 

When experimenting with high explosives^ I have found it 
necessary to use a special form of gauge; with guncotton, for 
example, which detonates with great readiness under certain con- 
ditions, the gauges were so formed as only to allow the gases to act 
oti the piston after passing through an extremely small hole in a 
shield or cover protecting the piston. 

To illustrate the difference between a gauge protected as I have 
described, and a gauge such as that shown in Mg. 3, 1 need only refer 
to an. experiment in which I employed four crusher-gauges, three of 
which had shielded pistons, and indicated pressures of respectively 
32-4, 32‘0, and 33‘6 tons per square inch. The unshielded gauge, 
which was placed at the end of the chamber, and was free to receive 
the full energy of the wave action, indicated 47 tons per squar-e inch, 
or over 7000 atmospheres. 

For similar reasons, although I do not deny that crusher-gauges 
placed in the chase of a gun may give valuable indications, I still 
consider that lurless confirmed by independent means the accuracy of 
their results is not to be relied on. Where gases and other products 
of combustion are in extremely rapid motion, there is always a proh- 
ability of a portion of these products being forced into the gauge at a 
high velocity, when too high a pressure would be indicated, and there 
is a possibility that occasionally a pressure somewhat in defect might 
also he registered. 

The experiments made to determine the tension at various gravi- 
metric densities have been very numerous, and on the whole exceed- 
ingly accordant. 

The highest density at which I have been perfectly successful in 
retaining absolutely the products of combustion and obtaining a 
perfectly satisfactory determination has been unity. Evcai to obtain 
these I have at this density had several failures, all arising from the 
gas at one point or other succeeding in cutting its way out. It is 
wortti while mentioning that although with such explosives as gnn- 
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cotton, cordite, ballistite, etc., the explosion-vessels have been subjected 
to much higher pressures than, with gunpowder, the difficulty in 
retaining the products is not nearly so great. 

The reason probably is, that under the first violent action of the 
explosion, portions of the non-gaseous products are immediately forced 
between the surfaces .intended to be closed by the pressure. Perfect 
closure is thus rendered impossible, and the destruction of the surfaces 
is an immediate consequence. 

The tensions obtained® in the experiments with service-powders 
gave for a density oi unity a pressure of about 6500 atmospheres, or 
43 tons per square inch, the tensions at lower densities representing 
the pressures, and the axis of abscissae the densities. 

But, having determined the tensions by direct measurement, it 
became important to ascertain how far these tensions were in accord 
with those deduced from theoretical considerations. 

It is not possible for me here to explain to you the details of the 
calculations by which the formula connecting the density and the 
tension is arrived at; but I have placed the theoretical curve and 
that arrived at from actual experiment in juxtaposition in Fig. IV. 
(see p. 420), and you will note that the two are pi'actically identical. 
The figures from which the curve is drawn are given in Table 6. 


Table 6. — Pressures in closed mssels observed and calculated. 


Density of 
products 
of combustion. 

Volumes 
of expansion. 

Pressures 
observed in 
explosion-vessels. 

Pressures 

calculated. 

•90 

1-11 

Tons per sq. incli. 

32-46 

Tons per sq. inch. 
32-460 

•80 

1*25 

25-03 

25-525 

•70 

1-43 

19-09 

20-024 

•60 

1-66 

14-39 

15-554 

•50 

2*00 

10-69 

11*851 

•40 

2-50 

7-75 

8-732 

•30 

3-33 

5-33 

6-071 

•20 

5-00 

3*26 

3-771 

•10 

10-00 

1-47 

1-765 

, , -05 

20-00 

0-70 

•855 


We are now in a position to give answers to the questions relating 
to gunpowder which I propounded to you a short time ago, and for 
the sake of clearness I shall give these answers eategorically, 
I"say,'then,— - 

1. That the substances produced by the explosion of the different 
natures of gunpowder of which I have to-day spoken are shown in 
Table 2, and that they occur in the proportions there sta|pd. 
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2. That, with soiwico-powdors, about 67 por cent, by woij^ht of 
liho products of explosion are non-gaseous. 

3. That, with tho Siiirio powders, about 43 per cent. (»f tlui products 
of explosion are in tlio form of pormanont gaaes, and that those gases, 
at a toniporaturo of 0“ Cunt, and at a liaromotric prussuro of 700 niui., 
occupy aixuit 280 times tho volume of tho unoxplodod powdeu*. 

4. That, at the inomont of explosion, tlio non-gaseous products 
are in a liquid state. 

6. That a gramme of dry ordinary serviee-powder, by its explosion, 
generates about 720 gnn. -units of heat. • 


Fio. IV. 

PRESSURES IN CLOSED^ VESSELS ^OBSERVED AND CALCULATED 





6. That at the moment of exj)losion tho temperature of tlie 
products is about 2200° Cent, or nearly 4000° Fahr. 

*7. That the mean specific heat of the products of explosion at tho 
temperature of explosion is about '31. 

8. That the relation between the tension of the products of 
explosion and their mean density is as exhibited in the curve in 
Fig. IV. or Table 6. 

9. That the changes produced in the products by a variation in 
the gravimetric density of the charge are slight — the one o( most 
importance being the increase in the quantity of carbonic acid, and 
the corresponding decrease in carbonic oxide. 

10. That the effect of changes in the chemical composition of 
gunpowder j 3 n its metamorphosis are very considorablo, the propor*- 
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tions of the products, the quantity of heat, the amount of permanent 
gases, being all materially altered, but that these variations do not 
alter as much as might be expected the tension of the products in 
relation to the gravimetric density of the charge. 

11. That the form and size of the grain affects to some extent the 
quantity of permanent gases formed, as well as the proportions in 
which the various products occur. 

Guncotton, known also as pyroxylin or trinitro-cellulose, is 
prepared by submitting cotton to the action of a mixture of con- 
centrated nitric and sulpliurie acids, a portion of the hydrogen in the 
cellulose being replaced by an equivalent quantity of nitric peroxide. 

The formula representing guncotton is given in Table 7, and in 
this table I have also given both the ultimate composition of gun- 
cotton and the metamorphosis which it undergoes on explosion. ' It 
is employed in several forms. For the most useful, the compressed, 
and for many otlier improvements in guncotton, we are indebted to 
the labours of Sir F. Abel. Several of the forms of guncotton are 
before me. Here is granulated guncotton, here is guncotton in yarns, 
strands, and ropes. Here it is in pellets, here in discs, here in slabs ; 
and in these last two forms it is generally used for military and 
industrial purposes. 

Table 7. — Showing the composition and metamorphosis of pellet f/uneotton. 


Composition. 


Carbon 

24*89 

Hydrogen .... 

2*69 

Nitrogen .... 

13*04 

Oxygen . 

56*66 

Ash 

0*36 

Moisture .... 

2*36 

Formula— C 6 H 73 (NOo) 05 . 



Products of Explosion. 


Carbonic anhydride . . 0*424 

„ oxide . . . 0*280 

Hydrogen. . . . 0*011 

Nitrogen .... 0*145 

Marsh-gas . . . 0*003 

Water .... 0*116 

Original moisture . . 0*021 


I may explain that these last two specimens, which represent 
considerable quantities of guncotton, are wet, and perfectly safe unless 
treated in the manner I shall presently describe. 

Grimcotton differs from gunpowder in this, that when fired, prac- 
tically the whole of its constituents assume the gaseous state, and 
the transformation is accompanied by a much higher temperature. 

Something is to be learned by observing the ignition. I fire here 
a piece of yarn; observe the time that the flame takes to traverse 
the train. Here, again, is a strand : you will note that the ignition is 
much more rapid, while if I fire this piece of rope you will observe 
that the rapidity of combustion is so great as to amount almost to an 
explosion. The slowness of combustion of the yarn and strand gun- 
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cotton is duo to tho oaso with which the nascont products oscapn, so 
that no very high proBsure is set up. 

The rapidity of conibu.stion of the rope is duo to tho liighor 
proaauro arising from tho greater compression and tho much larger 
quantity of gas liiioratod in a given section. 

Were I, by using a fow grains of fulrainato of nioroury, to prodiujo 
a high initial prossuro, tho liarmloas ignition yort have somi would bo 
converted into an explosion of the most violent and destructive 
eharacter. This disc I hold in my hand would blow a hole in a 
tolerably thick iron plate, and I need not say would make an end of 
myself and any who had the had fortune to be very near me. 

One great advantage that guncotton possesses lies in the fact that 
wo are able to keep it and use it in the wet state, and in that state to 
produce quite as effective an explosion as if it were dry. It is only 
necessary that a few ounces of dry guncotton be in close juxtaposition 
to the wet, and that the dry guncotton be detonated, as I have 
described, with a few grains of fulminate of mercury. 

I may mention as a curious fact that Sir F. Abel has shown, by 
moans of a ohronoscope I shall presently describe, that whereas the 
detonation of dry guncotton travels at the rate of about 18,000 feet 
a second, or about 200 miles a minute, tho detonation of wot gun- 
cotton is at tho rate of about 21,000 feet a second, or 240 miles a 
minute. When the fact is known, it is not difficult to understand 
the cause of this increased rapidity. 

The effect of pressure in increasing the rapidity of combustion of 
explosives may be very well illustrated by comparing the rapidity of 
combustion of pebble-powder under different ciroumstanecs. A 
pebble such as I hold in my hand is generally, in the horci of a gun, 
and under a pressure of from 15 to 20 tons per square inch, ciitinily 
consumed in less than the 200th part of a second. In frott air tluj 
time taken for such a pebble to burn is about two seconds, and in 
vacuo it will not burn at all. 

A beautiful experiment for showing this phenomenon 'has' I loeu 
devised by Sir F. Abel, but for want of the necessary apparatus I o,m 
unable to show it here. In an exhausted receiver a platinum wire, 
which can be heated by an electric battery, is arranged, touching 
either gunpowder or guncotton. On raising the wire to a rod heat 
the gunpowder or guncotton in contact with tho wire burns, I»ut tho 
cooling effect of the immediate expansion of the gases is so gresat that 
the combustion is confined to the explosive in actual touch witli tho 
heated wire. 
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The effect of pressure in increasing the rapidity of combustion 
will enable you to understand the action of fulminate of mercury on 
guncotton, nitro-glyeerine, picric acid, and other high explosives. 

I ought to explain that, destructive as are the effects of fired gun- 
powder, I should not myself include gunpowder in my list of true 
explosives. It is not like guncotton, nitro-glycerine, and other 
similar explosives, a* definite chemical combination in a state of 
unstable equilibrium; but it is merely an intimate mixture in 
proportions which, as you see from Table 1, may be varied to a very 
considerable extent, of tftose well-known substances, nitre, sulphur, 
and charcoal. TheSe constituents do not, during the manufacture of 
the powder, undergo any chemical change, and being a mere mixture, 
gunpowder cannot be detonated; but it deflagrates or burns with 
great rapidity — that rapidity, as I have pointed out, varying largely 
with the pressure under which the explosion is taking place. Gun- 
cotton, on the other hand, when, by means of fulminate of mercury 
an extremely high local pressure has been set up, transmits that 
pressure to the adjacent guncotton with extreme rapidity. A charge 
of pebble-powder in a gun would be consumed in about the 200th 
part of a second, but a charge of 500 lbs. of these slabs would, if 
effectively detonated, be converted into gas in somewhere about the 
20,000th part of a second. 

Reverting again to Table 7, you will observe that carbonic 
anhydride, carbonic oxide, nitrogen, and water are the principal 
products of the decomposition of guncotton. The composition of 
these gases does not vary much with the pressure, but, as in gun- 
powder, with the higher pressures a larger proportion Of carbonic 
anhydride is formed. The permanent gases, when reduced to 0° Cent, 
and 760 mm. barometric pressure, measure between two and three 
times the number of volumes given off by gunpowder, 1 grm. of 
guncotton generating about 730 c.c. of permanent gas, while the 
temperature of explosion is at least double that of gunpowder. 

From'these data it is obvious that the tension of fired guncotton 
is very high, and, provisionally, I have placed it at about 120 tons 
per square inch, or nearly 20,000 atmospheres ; but all efforts actually 
to measure with any degree of accuracy these enormous pressures 
have so far proved futile. The highest pressure I myself have 
reached was, with a density Of -65, about 70 tons per square inch ; 
but all the crusher-gauges used having been more or less destroyed, 
this measurement must be accepted with a good deal of reserve. 

I have experimented with so ndahy varieties of amide powder 
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whicli have difforod considerably in their composition, that I would 
lind difficulty in giving you in a few words the somewhat varied 
I'osidts obtained from them. 

I shall, tlioroforo, take one only as a satnplo, and I select this 
hocauso T sliall have occasion, shortly, to refer to some results 
olitaiiKid with it. Tho powder in question consisted of a mixturo 
of 40 pov cent, of potassium nitrate, 38 porroont. of ammonium 
nitrate, and 22 per cent, of carbon. 

Its explosion generates a considerably larger quantity of 
permanent gases than ordinary powder, find the qxiantity of heat 
developed is also greater. The permanent gases consist of 30 i)er 
cent, of carbonic acid, 13 per cent, of carbonic oxide, 27 per cent, of 
hydrogen, and 30 per cent, of nitrogen. The powder cannot truly 
be called smokeless, but the smoke formed is much less dense and 
more rapidly dispersed than that of ordinary powder. Its jiotcntial 
energy, as I shall shortly show you, is also much higher, and it 
further, as far as my experiments on that subject have gouo, appears 
to possess the invaluable property of eroding steel to a much less 
degree than any other powder with which I have experimented. 
The main objection to its extended use is the tendency to doliques- 
cence, arising from the xxse of ammonium nitrate in its composition, 
and necessitating the powder being kept in air-tight cases. As, 
however, at all events on board ship, all powders are supposed to bo 
so kept, I do not know that this undoubtedly serious objection would 
be an insurmountable difficulty if the other advantagoa of tluj powder 
should be fully established. 

I come now to the last class of explosive with which I shall 
trouble you. It is a new explosive, of which you have probably 
heard, known by the name of “Cordite,” and for which we are 
indebted to Sir F. Abel and Professor Dewar. I have on the table 
several samples of this explosive. This, which you see looks like a 
thick thread, is for use in rifles. This size, a little thicker, is used 
in field guns. These two sizes, like thick cords, a resemblance to 
which they owe their name, are for 4-7-inch and fl-incli guns. 

As with guncotton, I burn one or two lengths. Like guncotton, 
you will observe there is no smoke ; but, unlike guncotton, you will 
note that there is not the striking difference in the velocity of 
combustion that you observed with that explosive. I drew your 
attention to the power we possessed of detonating guncotton by 
means of fulminate of mercury. This property you will readily 
understand makes guncotton a most valuable explosive for torpedoes. 



INTERNAL BALLISTICS ^125 

or other cases where a maximum of explosive effect is desired ; hut 
it unfits it for safe use in large charges in a gun, because under 
certain abnormal circumstances a detonation might be set up, when 
the failure of the gun would be the almost infallible consequence. 
It would be too much at present to say that under no condition is 
it possible to detonate cordite ; but I am able to say that at all events 
it is in a very high degree less susceptible to detonation than gun- 
cotton, and that so far, even by the use of fulminate with the charges 
with which I have experimented, I have not succeeded in detonating 
it. The explosive has other advantages; it is, as you see, made in 
a form specially suitable for making into cartridges. It is hot 
injured by being wetted. I dip it into water, and on removing the 
superficial water with my handkercliief to allow it to light, you see 
it burns much as before. 

The samples of cordite I have shown you consist approximately 
of 68 per cent, of guncotton, trinitro- and dinitro-cellulose, 37 per 
cent, of nitro-glycerine, and a small percentage of a hydrocarbon. 

From explosive experhnents I have made, it has been found that 
the products of combustion, which are all gaseous, consist of 
approximately 27 per cent, of carbonic acid, 34 per cent, of carbonic 
oxide, 27 per cent, of hydrogen, and 12 per cent, of nitrogen, and to 
these permanent gases has to be added a considerable quantity of 
aqueous vapour. 

The volume of the permanent gases, at 0° Cent, and 760 mm. 
barometric pressure, is as nearly as possible 700 e.c. per gramme of 
cordite, while the quantity of heat developed is 1260 grm. -units. 
These figures show that the potential energy of this explosive must 
be very Mgh, as will be demonstrated to you when I come to treat 
of its action in a gun. 

On the diagram Fig. V. I exhibit to you the pressures that I have 
measured with this explosive up to gravimetric densities of - 55 . For 
purposes of comparison, I have placed on the same diagram the 
coiTesponding curve for gunpowder, and you will irote how with the 
cordite the pressures are much higher in relation to density. With 
this explosive I have made experiments at higher densities than are 
shown on the curve, and have in fact measured pressures up to 
90 tons per square inch; but certain anomalies and difficulties in the 
interpretation of the results prevent my relying on their exactness 
until confirmatory experiments have been made. 

I believe I mentioned to you that ballistite, an explosive of some- 
thing of the same nature as cordite, is now being introduced on the 
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(Jonfcinonfc for military purposes. In appearance it is very difforont, 
as you will see from the samples on the table ; but it possosans the 
same property of smokeless combustion. The gases generated are 
the same as those of cordite in somewhat different proportions, but 
their quantity is loss, being about 616 c.o. per graniine, while tlio 
quantity of lieat is higher, beiti^ 1366 grin. -units. Th<! potential 
energy is somewhat less tlian that of cordite, and I have placed on 
the same diagram as the cordite the pressures with hallistite for 
different densities. 

I return to gunpowder, which we shalf now consider under very 
different conditions, and shall study the behaviour of a charge when 
placed in the chamber of a gun, and allowed to act upon a projectile. 

Fio. V. 

PRESSURES OBSERVED IN CLOSED VESfECS WITH 
VARIOUS EXPLOSIVES. 



You will remember, and forgive me for repetition, that the charge 
when fully exploded, and at the moment of exidosion, consists of 
about 57 per cent, of liquid products in an extremely 'fine state of 
division, and about 43 per cent, of permanent gases ; also that when 
the gravimetric density of the charge is unity the tension when 
unrelieved by expansion is 6770 atmospheres, or 43 tons per square 
inch. 

Let us suppose in the first instance that the gravimetric density 
of the charge is unity, and that the charge is entirely consumed 
before the projectile is removed from its seat. Now under those 
circumstances, if we represent the relation between the tension and 
volume occupied by that charge in the bore by a curve, representing 
the tensions by the ordinates, the volumes or the distances travelled 
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by, the-sliot corresponding to these volumes by the absci8.sae/yoir will 
at once see that the curve will be of the form shown in the diagram 
Fig. rv. This curve, in fact, is the same as that indicated in the 
diagram Fig. V., and represents the relation between the tensions 
and densitioB of the products of combustion, where the gases expand 
with(>ut ('-ooling or production of work; but the densities, instead of 
being as in the former Curve taken as the independent or eqiiicreseent 
variable, are here dependent on the volume, or numbers of expansions 
occupied by the charge in the bore, these expansions in this instance 
being taken as the indepencfent variable. 

The maximum tension under the circumstances supposed would, 
as I have said, be 43 tons per square inch, hut the tensions at other 
points would not, for reasons I shall explain later on, be as great as 
are shown on this curve. 

But many of you are aware that in reality, and especially with 
the slow-burning powders now introduced for large guns, we cannot 
consider the charge to 1)6 instantaneously exploded, and although the 
determination of a theoretic curve of pressures to include the first 
moinents of combustion would be a work of the very greatest 
difficulty, it is yet tolerably easy to see what the general form of this 
curve of pressures must be. 

The charge of powder is generally ignited at a single point. No 
doubt, especially with pebble, P. 2 , or prismatic powders, the flame is 
very rapidly communicated to all the grains, pebbles, or prisms. In 
each individual pebble, supposing it to be ignited on the whole of its 
surface, the burning surface is of course a maximum at its first 
ignition ; but the quantity of gases generated will depend so much 
on the pressure at any particular moment, that it does not necessarily 
follow that the greatest quantity of gas is given off at the moment 
when there is the largest burning surface. 

Be this as it may, however, it is obvious that before the charge is 
fully consumed there will be a great decrement in the quantity of 
gases given off, unless, as in prismatic and some other powders, 
arrangements are made by means of holes to keep as large as possible 
the ignited surfaces, or unless the interior of the large pebbles is 
composed of more explosive and easily broken up material. 

The pressure, than, when the charge is ignited commences, with 
muzzle-loading guns, at zero; with breech loading-guns, with a 
pressure of 2 to 4 tons per square inch, or with whatever pressure 
may be necessary to force the driving-ring of the projectile into the 
grooves and into the bore of the gun. The pressure increases at m 
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oxiroinoly rapid rato until the maximimi inoronioot m r<‘,a4dKMl It 
Ktjll go(^8 mi iiHjroasingj but at a rate gradually lH^4‘.()ming nlower^ until 
the niaxiimun brnHiun in roached, and tliia tenrirui in attained wbeii the 
iiunmne ef douHitj ul’ the gases 'due to the eomlmstion of ila^ powdtn* 
iH Just lialantuid by the decrease of denBityduelcM.be luetion of the 
proJcKitilo. Aidm: the maxinuuti tension is reaxdied the [iresBure 
<l(Ku:eaHc,’iB, at first very rapidly, ;BiibBeqn6ntly sfowor and slcnven ■ 

How, if tlioBO variations in. pressure be reproBented by a curve, it 
is easy to see that tbo curve will commence at the origin by being 
convex to the axis of the abscissas, ItVill then become concave, 
then convex, and will 'Anally ^be asymptotic to tlie axis of x. It will 
1)0 in general form similar to the gun-pressure cnirve shown on the 
diagram Fig. YL 


Xm* VI. 

DIAGRAM SHOWIHQ TIig FORM.S, 'OF ' FBES.SURE. ;AND VELOCITY CURVES, JN 
A ■‘AH0''OF '‘CURi'E OS ‘PRESSURES ■■I'N. 'A, CLOSED ' VES.SEL. 



In like manner, the curve representing the velocity in the ])orc < 4' 
a gim would commence by being convex to the axis of abscissae It 
will then become concave, and were the bore long enough, would bo 
finally asymptotic: to a line parallel :to the axis of x. The vf 3 loeity 
curve is shown in the same diagram, Fig. VI 

Such,. then,' would .he the general form of tlieso curves, Ltg'. mo 
now describe to, you the, means, which have been taken to obtain tli«3 
data necessary, for,,, the construction of such curves liy ac^tual 
observation. 
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It is obvious that if we desired to know the pressure exercised bj 
the gases on the projectile at various points of the bore, the velocities 
of the projectiles at the same points, and the times taken by the 
projectile to reach these points from the commencement of motion, 
there are two courses open to us. We may either, first by suitably 
prepared gauges (if it be possible to construct such gauges) determine 
the pressure at various points of the bore, from the pressures deduce 
the velocities, and thence the times, or we may follow the inverse 
method. We may measure the times at which the projectile passes 
certain known points in the bore. From these times we may ealcn- 
late the corresponding velocities, and finally calculate the pressures 
necessary to produce these velocities at all points along the bore. 

Now, both these methods have been followed, and I shall 
endeavour to describe the instruments and methods in as few words 
as possible. 

To Eodman, as far as I kirow, is due the merit of having first 
used a pressure-gauge to determine the pressure in the bore of a gun. 
Eodman’s own experiments with his gauge • are, however, as I have 
elsewhere shown, unreliable, his pressures being generally much 
higher than any j)ossible actual pressures, since the pressures given 
by him as existing at various points along the bore would, if assumed 
to act on the projectile, give energies in some cases nearly three 
times as great as in reality. 

In this country the crusher-gauge I have aheady described is 
almost universally employed. The results it gives are, with proper 
precautions, reliable when the gauge is placed in the chamber; but 
it cannot, as I have endeavoured to explain, be depended upon with 
any accuracy when placed in positions where the products of explo- 
sion are moving at a Ingh velocity. 

Two methods have been employed for obtaining the pressure by 
the inverse method. One method consisted in shortening the gun by 
successive calibres, and at each length determining the velocity 
imparted to the projectile by the same charge. 

This method, however, is a very rude one, and is open to several 
very serious objections, and a preferable method is to measure the 
time at which the projectile passes certain fixed points in the bore. 
To effect this object a chronograph was employed, with certain 
peouliarities of construction designed to measure very minute inter- 
vals of time. 

This instrument is shown in the diagrams Figs. VII., VIII.,. 
and IX. 
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It consists of a series of thin discs, each 36 inches in circimi- 
ference, made to rotate at a very high and xmiforni velocity through 
the train of wheels F by means of a heavy descending weight B, 
arranged, to avoid an inconvenient length of chain, upon a plan 
priginally proposed by Huyghens, the weight being, during the 
experiment, continually wound up by the handle C, and thus the 
instrunient can be made to travel either quite uniformly or at a rate 
very slowly increasing or decreasing. The speed with which the 

ci;rcumference of the discs 
travels !^ usually about 1200 
inches per second ; an inch, 
therefore, represents the 
1200th part of a second; 
and as by means of a vernier 
we are able to divide the inch 
into 1000 parts, the instru- 
ment is capable of recording 
less than the one millionth 
part of a second. You will 
appreciate the extreme minute- 
ness of this portion of time, if 
I point out that the millionth 
of a second is about the same 
fraction of a second that a 
second is of a fortnight. The 
precise rate of the discs is 
ascertained by means of the in- 
termediate shaft, which in the 
earlier arrangement worked a 
stop clock, but in the more 
recent, by means of a relay, 
registers the revolutions on a subsidiary chronoscope (each revolution 
of the intermediate shaft corresponding to 200 revolutions of the 
discs), upon which subsidiary chronoscope a chronometer, also by 
means of a relay, registers seconds. 

The recording arrangement is as follows. The peripheries of the 
discs we cover with specially prepared paper, and each disc is 
provided with an induction coih You are aware that when the 
primary of an induction coil is suddenly severed, a spark, under 
proper management, is given off from the secondary, and in the 
arrangement I am describing the severance of the primary is caused 





Fig. VII. CHRONOSCOPE 
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by the shot in its passage through the bore, and as each suceessive 
wire is cut the induction coils record on their own discs the instant 
at which the shot cuts the wire, that is, passes the particular point 
with which the primary wire is connected. 

To prevent confusion, there is delineated in the diagram only a 
single induction coil and cell; but you will understand that there is 
an induction coil for each disc, and that each disc, discharger, and 
cell form, so to speak, independent instruments for recording the 

Tio. IX. - 


SIDE ELEVATION. 



instant when the projectile passes a certain point in the bore of the 
gun. The diagram will give you an idea of the manner in which the 
primary wires are conveyed to the interior of the gun. 

By experiments with which I need not now trouble you, I have 
found that when the instrument is in good working order the 
probable instrumental error of a single observation does not exceed 
from two to three millionths of a second. 

lafc me now give you some of the actual results obtained by the 
means I have just described. • - 

I have given you a short account of two or three of the more 
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modem explosives— I mean amide powder, cordite, and ballistite— 
and have, I fear, somewhat wearied you with the details into which 
I have gone in respect to the old powder. 

Now on this diagram, Eig. X., are exhibited the results obtained 
with tliree of these powders, all fired from the same gun, under the 
same conditions, with approximately the same maximum pressures ; 
but, as you see, with very different results as regards velocity and 
energy. 

You will note that the axis of absciss^, 0<r, denotes the length of 
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the bore of the gun traversed by the shot under the action of the 
explosion, and that the ordinates to the crosses on the curves A^, A^, 
Ag denote the times occupied by the shot in reaching the various 
points shown. The total time taken by the shot hi traversing the 
whole bore is *01 second in the case of pebble-powder, *0095 seconds 
with amide powder, and *009 seconds with cordite. 

The velocities at all points of the bore are indicated by the curves 
Bj, Bg, and you see that the iiiuzzle velocity of ordinary powder 
is 1839 feet per second, of amide powder 2036 feet per second, and 
cordite 2150 feet per second. 


INTERNAL BALLISTICS 


433 : 


In like manner, the pressures at all points of the bore are shown 
by the curves Gg, C 3 . Observe that the maximum pressure with 
pebble-powder is 16*4 tons per square inch, with amide powder 16 
tons per square inch, and with cordite 14*4 tons per square inch. 
The area between the curves 0, the axis of abscissm Oa?, and the 
ordinate at the muzzle represent for each curve the energy developed 
by that explosive in tie bore. It is easy by mere inspection to see 
that the total energy of the amide powder and of the cordite is much 
higher than that developed by the pebble ; but if we make the required 
calculations and put the result in figures, we shall find that the 
energy developed by the pebble-powder was 1055 foot-tons, by the 
amide 1293 foot-tons, and by the cordite 1435 foot-tons, or, with less 
maximum pressure, nearly 40 per cent, higher than in the case of 
pebble-powder, and an examination of the pressure curves will show 
in what portions of the bore this great additional energy is realised. 

It is important to observe that these greatly higher energies 
developed by the modern powders are obtained with considerably 
reduced charges, the weight of the charge of amide powder being 
reduced to 85 per cent., and of cordite to 47 per cent, of that used 
when the service pebble-powder is employed. 

These results have been obtained by actual experiment, and it 
remains to ascertain what accordance there is between them and what 
we have a right to expect from theoretical considerations. 

Taking, again, gunpowder as our illustration ; Hutton appears to 
have been the first person who attempted anything like a theoretical 
explanation of the action of gunpowder on a projectile, but he not 
unnaturally fell into the error of assmning that the whole of the 
products were in a gaseous state, and, further, that their tension wavS 
directly proportional to the density, and inversely as the space they 
occupied. In other words, he supposed that the gases in expanding 
and performing work accomplished that work without expenditure 
of heat. 

De Saint Robert, who was the first to apply to the question the 
modern theory of thermo-dynamics, corrected Hutton’s error, but, like 
Hutton, he assumed that the whole of the products were in a gaseous 
state, and, as gases, doing work on the projectile. 

Bunsen and Schischkoff, in their well-known researches on gun- 
powder, pointed out that although it was probable that there might 
be a slight volatilisation of the solid products, yet it was in the 
highest degree improbable that such volatilisation would ever reach 
a single atmosphere of pressure, and that any effect on the projectile 
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would be perfectly insigiiificant. They therefore, in their caleiilatioiLs, 
disregarded the solid residue altogether, and calculated the total worlc. 
which gunpowder is capable of perforining on the assumption that 
such work is done by the expansion of the gases alone without 
addition or subtraction of heat, and that, in fact, the non-gaseous 
products played no part in the expansion. 

The efiect of these erroneous assumptions Was that the tensions 
calculated on De Saint Robert’s hypothesis were considerably higher 
(for given densities) than those which were observed in a close vessel 
where the gases expand without production of work, while the 
tensions calculated on Bunsen and Sehischkolf’s hypothesis were 
greatly in defect, not only when the tensions were taken from those 
observed in a close vessel, but also in defect of the pressures actually 
observed in the bores of guns. 

At an earlier stage in the researches carried on by Sir E. Abel 
and myself, I came to the conclusion, when I found that the pressures 
deduced from experiments in close vessels did not differ so much as 
I anticipated from those taken in the bores of guns, that this 
departure from expectation was probably due to the heat stored up 
in the liquid residue ; and it must be noted that this licpiid residue 
being in an exceedingly finely divided state, and thoroughly mixed 
up with gases, constitutes a source of heat of the most perfect 
character, iminediately available for compensating the cooling effect 
due to the expansion of the gases when employed in the production 
of work. 

On correcting the assumptions I have referred fco, and calculating 
the tensions that would exist in the bore of a gun, it was found that 
the anomalies to which I have drawn your attention were entirely 
removed, and that theory and observation were in accord, the 
pressures obtained with Waltham-Abbey powder being, even while 
the densities were still very high, not greatly removed from the 
theoretic curve, while when the pow’-der may be considered entirely 
consumed the two curves slide into one another, and for all practical 
purposes become coincident. 

In my address to the mechanical section of the British Association, 
I drew attention to the extraordinary stagnation that had existed in 
guns and artillery during a period of more than two centuries— a 
stagnation that was the more remarkable because the mind of this 
country during the long period of the Napoleonic and earlier wars 
must have been to a large extent fixed on everything connected with 
our Naval and Military Services. ' 
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It is not too mncli to say that the changes and improvements in 
artillery made during the ten years that followed the Oriniean War far 
exceeded in importance all the improvements made during the previous 
200 years. 

What the future may produce it is difficult to say ; hut to show 
you that during the last ten or fifteen years great progress has been 
made both in guns aifd the explosives which are used in them, I draw 
your attention to the results obtained from a 7-inch 7-ton rifled gun 
of fifteen years ago and those obtained from a 6-ineh 6|-ton quick- 
firing gun with a charge* of cordite. To show you the difference in 
the appearance of the guns, I have placed side by side half sections of 

Tig. XL. 


COMPARISON BETWEEN A 7-INCH OLD GUN AND A 0-INCH NEW GUN 



the two guns (see Fig. XI.). Note the difference in the length of the 
guns. Taking first the velocity curves, note the enormous difference 
ill velocity, the old gun having a velocity of 1560 feet per second, 
while no less than 2680 feet per second were realised with the 6-inch. 
But the energy of the projectile shows in the most striking way the 
difference between the guns. The maximum pressure being about the 
same, the energy of the 7-inch projectile is only 1943 foot-tons, while 
that of the 6-ineh gun is 5000 foot-tons, or not far off three times as 
great. 

To emphasise what I have said as to the magnitude of the advances 
in artillery that have been made since 1856, it is enough to point out 
that since that date the charges of gunpowder fired in guns have 
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increased from 16 to 1000 lbs., the weights of the projectiles from 68 
to 2000 lbs., the velocities from 1600 feet per second to 2700 feet per 
second,^ and the energies developed in the projectiles from 1100 foot- 
tons to 62,000 foot-tons. 

In referring to the diagram to which I just now called your atten- 
tion, I pointed ont the great difference in the length of the two gims 
eomi)ared, but I am bound to admit that as a thermo-dynamic machine 
the old guns were more economical than the new ones; the reason 
being, that as the charges are proportionally much larger in the new 
ones, the tension of the gas at the muzzle is §lso larger, and the 
products are discharged with a larger proportion of their total energy 
unrealised. 

It may interest you to know what this total energy amounts to. 
Knowing the permanent gases formed, knowing also the specific heats 
and the tensions at the moment of explosion, the ordinary laws of 
thermo-dynamics enable us to calculate the total energy which will be 
developed. 

In the case of gunpowder the calculation is somewhat complicated 
by the large proj)ortion of non-gaseous products, but, as I have else- 
where shown, with certain modifications the ordinary laws are appli- 
cable, and the total energy obtainable if the charge be indefinitely 
expanded is about 34,000 kilogrammetres per kilogramme of powder 
or, in English measure, nearly 500 foot-tons per pound of powder. 

Cordite would give, approximately, under the same conditions, a 
total energy four times as great, or, say, 2000 foot-tons per pound of 
cordite. 

When we consider the destructive effects realisable by even a 
small charge of gunpowder, it is somewhat surprising to reflect that 
this potential energy of gunpowder is only about one- tenth of that of 
one pound of coal, and is not even equal to the energy stored up in 
the carbon which forms one of its own constituents. 

At the same time, it must not be forgotten that the gunpowder 
has stored up in it the oxygen necessary for the oxidation of its 
carbon and other oxidisable substances, while one pound of carbon, 
in burning to carbonic acid, has to draw from the air nearly 3 lbs. of 
oxygen. 

You may, possibly, desire to know what proportion of the total 
theoretic work of gunpowder is realised in modern artillery. 

* Were it necessary, with our new explosives still higher velocities and energies 
might be obtained. The highest possible velocity, however, interesting as it may 
be in a scientific, is not always desirable in a practical point of view. 



INTERNAL BALLISTICS 


437 


A gun being, as I have said, an extremely simple form of the 
thermo-dynamic engine, the coefficient of effect is high. The actual 
energy realised varies considerably, dej)endent on circumstances, but 
may be taken as something between 50 and 90 foot-tons per pound of 
powder, or, say, from about one-tenth to one-fifth of the total theo- 
retic effect. The average coefficient of effect, comparing the energy 
expressed in the projectile with that due to the expansion of the gases, 
may, I think, be taken as somewhere near 80 per cent. It rarely falls 
below 70 per cent., and, opcasionally, with large guns and charges, is 
considerably above ^0 per cent. 

But I must conclude, and conclude as I began, by emphasising 
the indebtedness of my own department, as well as of nearly all depart- 
ments of knowledge, to the great man whose anniversary my lecture 
to-night is intended to commemorate. 

It must ever be a subject of pride to this country that the two 
inventions — I mean the steam engine and the locomotive — which in 
iny judgment have clone far more than any other which can be named 
to advance civilisation and the welfare of the human race, are due to 
her sons. 

These inventions have for some generations brought to this country 
great wealth, and employment for thousands upon thousands. But 
other nations are now running us close, and unless the patient industry, 
laborious search after truth, and energy in overcoming difficulties, 
which were the distinguishing characteristics of James Watt and 
George Stephenson, be preserved in some degree among all classes in 
the generation which shall carry on our work, the days of England’s 
manufacturing pre-eminence are numbered. 

In the following table I have given the values of certain constants 
which are of common occurrence in questions connected with “ Internal 
Ballistics.” This table requires no explanation, but to it I have added 
some other tables which I have calculated, and which in my own work 
I have found exceedingly useful. 

These tables are as follow: — First, a table giving the work in foot- 
tons that 1 lb. of service gunpowder is capable of performing, in 
expanding from a volume whose gravimetric density is unity, to any 
given number of volumes, up to forty. As an example of the use of 
this table, suppose that in an 8-inch gun, a charge of 100 lbs. of 
powder, with a gravimetric density of unity, is fired, and suppose 
further, that the number of expansions that this charge suffers, when 
the base of the projectile reaches the muzzle, is 4*29; what is the 
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maximum energy that the powder is capable of generatmg? From 

the table it will he seen that the work corresponding to an expansion 

of 4‘29 volumes is 85'068 foot-tons per lb. of powder, and as the charge 

is supposed to be 100 lbs., the maximum energy, under the conditions 

stated, which that charge would he capable of generating, would be 

8506'8 foot-tons. The maximum effect is of course never realised, and 

* 

for proved powders a factor of effect is generally approximately known. 
If we suppose tins factor to be 0*84 ; then 8506*8 x 0*84 = 7145*7 foot- 
tons represents the energy which will be realised. Should the density 
not be unity, a correction has to be made. Thiia if the gravimetric 
density of the charge were 0*87, which density corresponds to 1*15 
volumes of expansion, from the value 85*068 foot-tons per lb. of powder 
given above, would have to be subtracted^ 12*625 foot-tons, the 
energy due to the expansion of 1*15 volumes, the maximum energy 
realisable would be (85*068 — 12*625) 100 = 7244*3 foot-tons, while 
assuming the same factor of effect, the energy which would be actually 
realised would be 6085 foot-tons. 

The second table gives the energy in foot-tons stored up in 1 lb. in 
weight, moving at any velocity, up to 3000 feet per second. For 
example, if we desired to know the energy stored up in a 100-lb. shot 
moving with a velocity of 2182 feet per second, from the table we see 
that that energy is 3301*4 foot-tons; or if we wished to know the 
velocity with which a projectile 200 lbs. weight, possessing 7145*7 

Vi 

foot-tons energy, was moving, — - ^ - — = 35*7285, and from the table 

zUU 

the velocity required is 2270 feet per second. 

Tables 3 and 4 differ from Tables 2 and 1 only in the metre and 
kilogramme being employed to replace the foot and pound as the units 
of length and weight. 

Table 5 is for converting cubic inches j)er pound of powder into 
densities and volumes, and vice versd. 

* See Phil Trans, of the Hoy. Soc.i part i., 1880 . 
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Table shovoin^ the work m fooMons that 1 Ih, of gunpowder is mpahle of performing 
in expanding from wifwjwe = 1, to any given number of volumes up to ^0* 


1 " 

•00 

•01 

*02 

•03 

•04 

•05 

•06 

•07 

•08 

*09 

■■ 5 '.' 

..■'o 
■ >:■ 

Work in Foot - tons . 

Work in Foot 4 ons . 

1^0 

0*000 

•978 

1*934 

2*868 

3*780 

4-672 

5*545 

6*399 

7-234 

8*061 

•1 

8*852 

9-637 

10*406 

11-160 

11*899 

12*625 

13*338 

14*038 

14-726 

15*400 

•2 

16*063 

16-716 

17-359 

17-992 

18*614 

19*226 

19*828 

20*420 

21*003 

21-677 

'3 

22 ' H 2 

22*699 

23*248 

23-789 

24*323 

24*850 

25-370 

26*882 

26*388 

26-887 

'4 

27-380 

27-867 

28*348 

28*823 

29*291 

29 - 7^3 

30*211 

30*663 

31*109 

31*560 

‘5 

31*986 

32-417 

32*843 

33*264 

33*681 

34*093 

34 * 5 j 30 

34*903 

35*301 

35*695 

*6 

36*086 

36-473 

86-855 

37-238 

37-608 

37-979 

38*346 

38-709 

39*069 

39*425 

•7 

39-778 

40*128 

40*474 

40-817 

41*156 

41*493 

41-827 

42*158 

42*486 

42*811 

•8 

43*133 

43*452 

48-769 

44*083 

44*394 

44-703 

45*009 

45-313 

45*614 

45*913 

•9 

46*209 

46*503 

46-795 

47-085 

47-372 

47-657 

47-940 

48*221 

48*500 

48-776 

2*0 

49*050 

49*321 

49*590 

49-857 

50*121 

50*383 

50*643 

50*902 

51-160 

51*417 

•1 

51*673 

61-927 

52-179 

52*429 

52-677 

52*923 

53-167 

53*410 

53*652 

53*893 

*2 

54*132 

54-370 

54*606 

64*840 

55-073 

55*304 

55*534 

65*762 

66-989 

56*215 

*3 

56*439 

56*662 

56*883 

57-103 

67-322 

57*539 

67-755 

57-970 

58*183 

58-395 

*4 

58*605 

58*814 

59*022 

59*229 

59-435 

. 

59*639 

59*842 

60*044 

60*245 

60-444 

•5 

60*642 

60*839 

61-035 

61*230 

61*424 

61*616 

61-807 

61-997 

62*186 

62-375 

•6 

62*563 

62-750 

62*936 

63*121 

63*304 

63*486 

63-667 

63*848 

64*028 

64-207 

*7 

64*385 

64*562 

64-738 

64*913 

65*088 

65*262 

65*435 

65-607 

66-778 

65*949 

*8 

66*119 

66*288 

66*456 

66*623 

66-789 

66*955 

67-120 

67-284 

67-447 

67-609 

•9 

67-771 

67*932 

68*092 

68*251 

68*410 

68*568 

68-725 

68*882 

68*938 

69*093 

3*0 

69*347 

69*501 

69*654 

69*806 

69*958 

70*109 

70-259 

70*409 

70-558 

70-706 

•1 

70-854 

71-001 

71*148 

71-294 

71-440 

71-585 

71*730 

71-874 

72-017 

72-159 

•2 

72-301 

72-442 

72*583 

72-723 

72-863 

73-002 

73*141 

73-279 

73-417 

73-554 

•3 

73*690 

73-826 

73*962 

74-097 

74*231 

74-365 

74-498 

74-631 

74-764 

74*896 

•4 

76-027 

75-158 

75*289 

75-419 

75-548 

75-677 

75-805 

75-933 

76-061 

76-188 

*5 

76-315 

76-441 

76-566 

76-691 

76-816 

76*940 

77-064 

77-187 

77-310 

77-432 

*6 

77-553 

77*674 

77*795 

77-916 

78-036 ! 

78*156 

78*275 1 

78-394 

78*513 

78*631 

•7 

78-749 

78*866 

78*983 

79-100 

79-216 

79*332 

79*447 

79-562 

79*677 

79*791 

*8 

79-905 

80*019 

80*132 

80-245 

80-367 

80*469 

80*581 

80-692 

80*803 

' 80*914 

*9 

81-024 

81*134 

81*244 

81-353 

81-462 

81*570 

81*678 

81-786 

81*893 

j 82*000 

4*0 

82-107 

82*213 

82*319 

82-426 

82-530 

82*635 

82*740 

82-845 

82*949 

83*053 

*1 

83-157 

83*260 

83*363 

83-466 

83-668 

83*670 1 

83*772 

83-873 

83*974 

84*075 


84-176 

84*276 

84*376 

84-476 

84-575 

84*674 1 

84*773 

84-872 

84*970 

85*068 

'3 

86-166 

85*263 

85*360 

85-457 

85-554 

86*650 

85*746 

85-842 

j . 86*938 

86*033 


86-128 

86*223 

86*317 

86-411 

86-505 

86*599 

86*692 

86-785 

86*878 

86*971 

■■■ '■•5 

87-064 

87*156 

87*248 

87-340 

87-432 

87*523 

87*614 

87-705 

t : 87^795 

87*886 

•6 

87-975 

88*065 

88*154 

88-243 

88-332 

88*421 

88*509 

88-597 

1 88 * 685 ' 

88*773 

•7 

88-861 

88*948 

89*035 

89-122 

89-209 

89*295 

89*381 

89-467 

89*653 

89*639 

•8 

89-724 

89*809 

89*894 

89-979 

90-063 

90*147 

1 90*231 

90-316 

90*399 

90*482 

•9 

90*565 

90*648 

90*731 

90-814 

90-896 

90*978 

' 91*060 

91-142 

91*223 

91*304 

6-0 

91*385 

91*466 

91*547 

91-628 

91-708 

91*788 

91*868 

91-948 

92*028 

92*107 

•1 

92*186 

92*265 

92*344 

92-423 

92-601 

92*579 

92*657 

92-735 

92*813 

92 * 891 , 

•2 

92*968 

93*045 

93*122 

93-199 

93-276 

93*352 

93*428 

93-604 

93*580 

93*656 

•3 

93*732 

93*807 

93*882 

93-957 

94-082 

94*107 

94*182 

94-257 

94*331 

94*405 

•4 

94*479 

94*553 

94*627 

94-701 

94-774 

94*847 

94*920 

94-993 

96 *066 

95*138 


*00 

•01 

•02 

*03 

*04 

•05 

•06 

•07 

i ; ,■■■*08 

•09 
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TahU showing the work hi foot-ions that 1 Ih, of gunpowde7\ etc ^ — coEtinued. 


m 

i 

•00 

•01 

•oa 

•03 

•04 

■05 

'06 

•07 

■08 

•09 

d 

Work ill Foot-tons. 

Work in Foot-tons. 

6-5 

95*210 

95*282 

95*354 

95*426 

95*498 

95-670 

95*641 

95*712 

95-783 

95*854 

•6 

95-926 

96-996 

96*065 

96*136 

96*206 

96*276 

96*346 

96*416 

96*486 

96*556 

•7 

96*625 

96*694 

96*763 

96*832 

96*901 

96-970 

97-038 

97-106 

97-174 

, 97*242 

•8 

97-310 

97-878 

97-446 

97-613 

97-580 

97-647 

97-714 

97-781 

97*848 

97-915 

*9 

97-981 

98-047 

98-113 

98 rfl 79 

98-246 

98*311 

98-377 

98*443 

98*508 

98-573 

6*0 

98*638 

98*703 

98*768 

m 

98*833 

98-898 

98*962 

99*026 

99*090 

99-154 

99*218 

•1 

99-282 

99*346 

99*410 

99-474 

99-637 

99*600 

99*663 

99-726 

99*789 

99-852 

•2 

99*915 

99*978 

100-041 

100*103 

100-165 

100-227 

100*289 

100*351 

100*413 

100-475 

•3 

100*536 

100*598 

100*659 

100-721 

100*782 

100*843 

100*904 

100*965 

101*025 

101*086 

•4 

101-146 

101-206 

101*265 

101*325 

101-385 

101*445 

101*505 

101*565 

101-625 

101*685 

•5 

101-744 

101-803 

101*862 

101*921 

101-980 

102*039 

102*098 

102-157 

102*216 

102-275 

•6 

102*333 

102*391 

102*449 

102-507 

102-665 

102*623 

102*681 

102*739 

102-797 

102*855 

•7 

102*912 

102*969 

103*026 

103*083 

103-140 

103*197 

103-254 

103*311 

103*368 

103*424 

*8 

103*480 

103*536 

103*592 

103*648 

103-704 

103-760 

103*816 

103-872 

103*928 

103*983 

•9 

104*038 

104*093 

104*148 

104*203 

104*258 

104*313 

104*368 

104*423 

104-478 

104*532 

7*0 

104*586 

104*640 

104-694 

104-748 

104*802 

104*856 

104*910 

104*964 

105*018 

105-072 

•1 

105*125 

105*178 

105-231 

105-284 

105*337 

105-390 

105-443 

105-496 

105*649 

105*602 

•2 

105*655 

105-708 

105-760 

105*812 

105*864 

105*916 

105*968 

106*020 

106-072 

106*124 

*3 

106-176 

106*228 

106*280 

106*331 

106*382 

106*433 

106*484 

106*535 

106*586 

106-637 

•4 

106*688 

106-739 

106*790 

106*841 

106*892 

106*942 

106*992 

107*042 

107-092 

107-142 

•5 

107-192 

107-242 

107-292 

107-342 

107-392 

107-442 

107-492 

107-541 

107*590 

107*639 

*6 

107*688 

107-737 

107*786 

107*835 

107-884 

107*933 

107-982 

108*031 

108*080 

108*129 

*7 

108-177 

108*226 

108-274 

108*323 

108*371 

108*419 

108*467 

108*515 

108*563 

108*611 

•8 

108*659 

108-707 

108*755 

108*803 

108*851 

108*898 

108*945 

108*992 

109*039 

109*086 

•9 

109*133 

109*180 

109-227 

109-274 

109*321 

109*368 

109*415 

109*462 

109*608 

109*654 

8*0 

109*600 

109*646 

109*692 

109-738 

109*784 

109*830 

109*876 

109*922 

109*968 

110*014 

•1 

110*060 

110*106 

110*152 

110*198 

110*244 

110*289 

110*334 

110*379 

110*424 

110*469 

•2 

110*514 

110*559 

110*604 

110*649 

110*694 

110*739 

110*784 

110*829 

110*873 

110*918 

*3 

110*962 

111*007 

111*051 

111*096 

111*140 

111*184 

111*228 

111*272 

111*316 

111-360 

•4 

111*404 ^ 

111*448 

111*492 

111*536 

111*580 

111 * 624 ' 

111*668 1 

111*711 

111*754 

111*797 

•5 

111*840 

111*883 

111*926 

111*969 

112*012 

112 * 055 ' 

112*098 

112*141 

112*184 

112*227 

*6 

112*270 

112*313 

112*356 

112*399 

112*442 

112*4851 

112*527 ! 

112*569 

112*611 

112-653 

, *7 , 

112*695 

112*737 

112*779 

112*821 

112*863 

112*905 

j 

112*947 i 

112*989 

113*031 

113*073 

. * 8 . 

113*114 

113*156 

113*197 

113*239 

113*280 

113*322 

113*363 ' 

113*405 

113*446 

113*487 

•9 

113*528 

113*569 

113*610 i 

113*651 

113*692 

113*7331 

113*774 i 

113*815 1 

113*856 

113*897 

9*0 

113*937 

113*978 

114*018 

114*059 

114*099 

114*140 

114*180 

114*221 

114*261 

114*301 

•1 

114*341 

114*381 

114*421 ' 

114*461 

114*501 

114*541 

114*581 ' 

114*621 

114*660 

1 114*700 

*2 

114*739 

114*779 

114*818 

114*858 

114*897 

114 * 937 ' 

114*976 

115*016 

115*055 

i 115-094 

*3 

115*133 

115*172 

115*211 

115*250 1 

115*289 

115*328 

115*367 

115*405 

115*444 

! 115*482 

■ *4 '■ 

115*521 

115*559 

115*598 

115*636 i 

115*675 

115 * 713 , 

115*752 

115*790 

115*829 

115*867 

*5 

115*905 

115*943 

115*981 

116*019 

116*057 

116*096 ^ 

116*133 

116*171 

116*209 

116*247 

•0 ■ 

116*284 

116*322 

116*359 

116*397 

116*434 

116 * 472 ' 

116*509 

116*547 

116*584 

116*622 

• ■ -7 ^ 

116-659 

116*696 

116*733 

116*770 

116*807 

116*844 

116*881 

116*918 

116*955 

116*992 

•8 

117*029 

117*066 

117*103 

117*140 

117*176 

117*213 

117*249 

117*286 

117*332 

117*359 

*9 

117*395 

117*432 

117*468 

117*505 

117*541 

117*577 

117*613 

117*649 

117*685 

117*721 


•00 

•01 

:'*02 

•03 

*04 

•05 

•06 

• 07 ^ 

•08 

*09 
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INTERNAL BALLISTICS 


Table slioimnc/ the work in foot-tons that 1 lb. of gunpoioder, etc.— coTiVam.o&, 


m 

■1 

•0 

* 1 .' , 

•2 

•3 

•4 

•5 

' 6 ' 

',• 7 . , 

; ■ *8 " 

'9 ■ 

s 

o 

. !>■ 


lYorl 

V in Foot-tons. 


Work ill Foot-tons. 

10*0 

ny -757 

118-114 

llS -468 

118*818 

119*164 

119-506 

119*845 

120-180 

120-512 

120-840 

■11 

121-165 

121-486 

121-804 

122-119 

122*431 

122-739 

12^-045 

123-347 

123 - 646 ^ 

123 - 94-4 

12 

124-239 

124-531 

124-820 

125-107 

125*391 

125-671 

125*949 

126*224 

126-507 

126-777 

13 

127 -036 

127-302 

127-566 

127-828 

128*088 

128-346 

128-602 

128-856 

129-107 

129-356 

14 

129-602 

129-846 

130*089 

130*330 

130-570 

130-899 

131-040 

131-281 

131-513 

131-743 

15 

131-970 

132-195 

132-419 

132*642 

132*863 

133-083 

133*302 

• 

133-520 

133-737 

133-953 

16 

134-168 

134-382 

134-594 

134*804 

135*012 

135-218 

135-422 

135-624 

135*824 

136-022 

17 

136-218 

136-413 

136-608 

136*802 

136*995 

137-187 

137-379 

137-570 

137-760 

137-949 

18 

138-138 

138-326 

138*513 

188-698 

138*881 

139-063 

139*243 

139-421 

139*697 

139-771 

19 

139-944 

140-117 

140-289 

140-461 

140*632 

140-803 

140*973 

141-143 

141-812 

141*480 

20 

141-647 

141*813 

141-977 

142*140 

142*302 

142*463 

142-623 

142-782 

142-941 

143*099 

21 

143-258 

143-415 

143-571 

143-726 

143*880 

144-033 

144*186 

144-338 

144*489 

144*639 

22 

144-788 

114-937 

145-085 

145-233 

145*380 

145-526 

145-671 

145-815 

145*958 

146*100 

23 

146-242 

146-383 

146-524 

146*664 

146*803 

146*942 

147-080 

147-218 

147-355 

147-492 

24 

147*629 

147-765 

147-900 

148*035 

148*169 

148-302 

148*435 

148-667 

148-699 

148*830 

25 

148-960 

149-090 

149-219 

149*348 

149*476 

149-603 

149-730 

149-866 

149*982 

160-107 

20 

150-232 

150*356 

150-480 

150*603 

150*726 

150-848 

150*970 

151-091 

151-212 

151*332 

■ 27 

151-452 

151-571 

151-690 

151*808 

151*926 

152-043 

152-160 

152-276 

152-392 

152-607 

• 28 ' 

162-622 

152-736 

152-850 

152*963 

153*076 

153-188 

153-300 

153'411 

153-522 

153-633 

29 

153-743 

153-852 

153-961 

154*069 

154*177 

154-285 

154*393 

154-500 

154-607 

154-713 

30 

154-819 

154-925 

155-030 

155*135 

155*239 

155*343 

155-447 

155-550 

165-653 

156-765 

31 

165-857 

155-959 

156-060 

156-161 

156*262 

156-362 

156*461 

156-560 

156-659 

156-768 

32 

156-856 

156-954 

157-052 

157-150 

157*247 

157-344 

157-441 

157-537 

157-633 

157-729 

33 

157-824 

157-919 

158-014 

158*108 

158*202 

158-296 

158*390 

158-483 

158-586 

158-679 

34 

158-771 

158-863 

158-955 

159-046 

159-137 

159-228 

159-319 

159*409 

159-499 

159-589 

35 

159*678 

159-767 

159-856 

159-944 

160-032 

160-120 

160-208 

160-295 

160-382 

160-469 

36 

160-556 

160-643 

160-729 

160*815 

160-901 

160-987 

161-072 

161-157 

161-242 

161-327 

37 

161-411 

161-495 

161-579 

161-663 

161*746 

161-829 

161-912 

161-995 

162-077 

162-159 

38 

162-241 

162-323 

162-404 

162-485 

162-566 

162*647 

162-727 

162-807 

162-887 

162-967 

39 

163-046 

163-125 

163-204 

163-283 

163-361 

163*439 

163-517 

163-595 

163-673 

163-761 

40 

163-828 











*0 

•X 

•2 

•3 

•4 

•5 

*6 

•7 

•8 

•9 
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TMe gwing in foot~tons the energy stored up in 1 Ih. in weighty moving at any mlocity 
hettmen and ZWO . feet per second. 


Velocity. 


■ 1 - 

2 

S 

4 

5 

, 

6 


8 

Q 

10 

*0007 

•0008 

•0010 

•0012 

•0014 

•0016 

•0018 

•0020 

•0022 

•0025 

20 

•0028 

*0031 

•0034 

•0037 

•0040 

•0043 

•0047 

•0050 

•0054 

•0058 

30 

•0062 

•0067 

■0071 

•0076 

•0080 

• OOS 5 

•0090 

•0095 

•0100 

•0105 

40 

•0111 

•0117 

•0122 

•0128 

•0134 

•0140 

•0147 

•0153 

•0160 

•0166 

50 

■0173 

•0180 

•0187 

*0194 

•0201 

•0209 

•0217 

•0225 

•0233 

•0241 

60 

•0250 

•0258 

•0267 

•( f 275 

•0284 

•0293 

•0302 

•0311 

*0321 

•0330 

70 

*0339 

•0349 

• 0^9 

•0369 

•0380 

•0390 

•0400 

*0411 

•0422 

•0433 

80 

•0444 

•0455 

•0466 

•0477 

•0489 

•0501 

•0513 

•0525 

•0537 

•0549 

90 

•0561 

•0574 

•0587 

•0600 

•0613 

•0626 

•0639 

•0652 

•0665 

•0679 

100 

•0693 

•0707 

•0721 

•0735 

•0749 

■0764 

•0779 

•0794 

-0809 

•0824 

110 

•0839 

•0854 

•0870 

•0885 

•0901 

•0917 

*0933 

•0949 

•0965 

•0982 

120 

•0999 

•1015 

*1032 

■1049 

•1066 

•1083 

•1101 

•1118 

•1136 

•1154 

130 

•1172 

•1190 

•1208 

•1226 

•1246 

•1264 

•1283 

•1301 

•1321 

•1340 

140 

•1359 

•1379 

•1398 

•1418 

•1438 

•1458 

•1478 

•1498 

•1519 

•1539 : 

160 

•1560 

•1581 

1602 

•1623 

•1644 

•1666 

■1687 

•1709 

•1731 

•1753 

160 

•1775 

•1797 

•1820 

•1842 

•1865 

•1888 

•1911 

•1934 

•1957 

•1980 : 

170 

•2004 

•2028 

*2051 

•2075 

•2099 

•2124 

•2148 

•2172 

•2197 

*2222 

180 

■2247 

•2272 

•2297 

•2322 

•2348 

•2373 

•2399 

•2425 

•2451 

■2477 

190 

•2503 

*2530 

•2556 

•2583 

•2610 

•2637 

•2664 

•2691 

•2718 

•2746 

200 

•2774 

*2801 

•2829 

•2857 

•2886 

•2914 

•2942 

•2971 

*3000 

•3029 

210 

•3058 

■3087 

•3116 

•3146 

•3176 

•3205 

•3235 

•3265 

•3295 

•3326 

220 

•3356 

•3387 

•3417 

•3448 

•3479 

•3510 

•3542 

•3573 

•3604 

•3636 

230 

•3668 

*3700 

•3732 

•3764 

•3797 

•3829 

•3862 

•3895 

*3928 

•3961 ' 

240 

•3994 

•4027 

•4061 

•4095 

•4128 

•4162 

•4196 

•4230 

•4265 

•4299 ' 

250 

•4334 

•4369 

•4403 

•4438 

•4474 

*4509 

•4544 

*4580 

•4616 

*4651 . 

260 

j -4687 

•4724 

•4760 

•4796 

•4833 

•4869 

•4906 

*4943 

•4980 

*5018 i 

270 

*5055 

*5092 

•5130 

•5168 

•5206 

*5244 

•5282 

•5320 

•5359 

•5397 1 

280 

*5436 

*5475 

•5514 

•5553 

•5593 

•5632 

•5672 

•5712 

•5751 

•5791 

290 

•5832 

•5872 

•5912 

•5953 

•5994 

•6034 

•6075 

•6116 

•6158 

•6199 

300 ' 

*6241 

•6282 

•6324 

•6366 

•6408 

•6450 

•6493 

*6535 

•6578 

•6621 i 

310 

*6664 

*6707 

•6750 

•6793 

•6837 

•6880 

•6924 

*6968 

•7012 

*7056 i 

320 

•7100 

•7145 

•7190 

•7234 

•7279 

•7324 

•7369 

•7415 

•7460 

• 750.6 

330 

•7551 

•7697 

•7643 

•7689 ' 

•7735 

•7782 

•7828 

•7875 

•7922 

•7969 ' 

340 

•8016 

*8063 

•8110 

•8158 ' 

•8205 

•8253 

•8301 

•8349 

•8397 

•8446 ' 

360 

•8494 

•8542 

•8591 

•8640 

*8689 

•8738 

*8788 

•8837 

•8887 

*8936 

360 

•8986 

•9036 

*9086 

•9136 

•9187 

•9238 

•9289 

•9339 

•9390 

•9441 

370 

•9493 

•9544 

•9596 

•9647 

•9698 

•9751 

•9803 

•9855 

; -9908 

•9960 

380 

1-0013 

1*0066 

1*0118 

1-0171 

1-0225 

1-0278 

1*0331 , 

1-0385 

i 1*0439 

1’0493 ; 

390 

1*0547 

1*0601 

1-0655 

1*0710 

1-0764 ' 

1-0819 

1-0873 1 

1*0929 

1*0984 

1*1039 ; 

400 

1*1095 

1*1160 

1*1206 

1*1262 

1*1318 

1-1374 

1-1430 1 

1-1486 

1-1543 

1*1599 

410 

1-1656 

11713 

11770 

11827 

1-1884 

1*1942 : 

1-2000 

1*2058 

1*2115 

1*2174 ; 

420 

1*2232 

1*2290 

1*2348 

1-2407 

1*2466 

1-2525 

1-2584 

1*2643 

1*2702 

1-2762 i 

■ 430 

1*2821 

1*2881 

1-2941 

1-3005 

1*3061 

1*3121 

1-3181 

1*3242 

1*3303 

1-3363 

440 

1*3424 

1*3485 

1-3547 

1*3608 

1*3670 

1-3731 

1*3793 

1*3855 

1-3917 

1-3979 



1 

2 

3 

4 

5 

6 

7 % 

8 

9 ' i 
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INTERNAL BALLISTICS 


TcMe of continued. 


Velocity. 


1 

2 

3 

4 

6 

6 

7 . 

,■ 8 

8 

i 440 

1*3424 

1-3485 

1-3547 

1*3608 

1-3670 

1-3731 

1-3793 

1-3855 

1*3917 

1-3979 

i 450 

,1*4042 

1*4104 

1-4167 

1-4229 

1*4292 

1*4355 

1*4418 

1*4482 

1*4545 

1*4609 

: 460 

1’4673 

1-4736 

1*4800 

1-4865 

1*4929 

1*4993 

1*5058 

1*5122 

1-5187 

. 1*5252. 

470 

1-5317 

1*5383 

1*5448 

1*5514 

1-5579 

1*5645 

1-5711 

1-5777 

1*5843 

1*5910 

^ 480 

1-5976 

1*6043 

1*6110 

1*6176 

1*6243 

1*6311 

1-6378 

1*6445 

1*6513 

1*6581 

490 

1*6649 

1-6717 

1-6785 

1*6853 

1*6922 

1*6990 

• 

1-7069 

1-7128 

1-7197 

1-7266 

1 500 

1-7336 

1*7405 

1-7474 

1*7644 

1*7614 

1-7684 

l-7;fi4 

1-7824 

1-7894 

1-7964 

j 510 

1*8036 

1*8106 

1-8177 

1*8248 

1*8320 

1*8391 

1*8462 

1*8534 

1*8606 

1-8678 

520 

1-8760 

1*8822 

1*8894 

1-8967 

1*9039 

•1*9112 

1*9185 

1-9258 

1*9331 

1*9404 

i 530 

1-9478 

1*9651 

1*9625 

1*9699 

1-9773 

1-9847 

1*9921 

1*9996 

2-0070 

2*0145 

» 540 

2*0220 

2*0295 

2-0370 

2*0445 

2*0520 

2*0596 

2-0672 

2*0747 

2*0823 

2*0899 

1 550 

2-0976 

2-1052 

2*1128 

2-1205 

2*1282 

2*1359 

2*1436 

2*1513 

2*1590 

2*1668 

* 660 

2-1745 

2*1823 

2*1901 

2-1979 

2-2057 

2*2135 

2*2214 

2-2292 

2*2371 

2*2450 

570 

2*2529 

2*2608 

2-2687 

2-2767 

2-2846 

2*2926 

2*3006 

2*3086 

2*3166 

2*3246 

! 

2*3326 

2-3407 

2-3487 

2-3568 

2*3649 

2-3730 

2*3811 

2*3893 

2-3974 

2*4056 

! 590 

2*4138 

2*4219 

2*4302 

2*4384 

2*4466 

2*4548 

2*4631 

2-4714 

2-4797 

2*4880 

1 600 

2*4963 

2*504-6 

2*5129 

2*5213 

2*5297 

2*5380 

2*5464 

2*5549 

2*5033 

2*5717 

1 610 

2*5802 

2*5886 

2-5971 

2-6056 

2*6141 

2*6226 

2*6312 

2-6397 

2*6483 

2*6569 

620 

2*6655 

2-6741 

2-6827 

2*6913 

2-7000 

2-7086 

2-7173 

2-7260 

2-7347 

2-7484 

630 

2*7521 

2-7610 

2*7696 

2-7784 

2*7872 

2-7960 

2*8048 

2*8136 

2*8225 

2*8313 

640 

2*8402 

2-8491 

2 *8580 

2-8669 

2-8758 

2-8847 

2-8937 

2-9027 

2-9117 

2*9206 

650 

2-9297 

2-9387 

2-9477 

2*9568 

2*9658 

2-9749 

2*9840 

2*9931 

3*0022 

3*0113 

! 660 

3*0205 

3*0296 

3*0388 

3*0480 

3*0572 

3-0664 

3*0757 

3*0849 

3*0942 

3*1034 

i 670 

3*1127 

3*1220 

3*1313 

3*1406 

3*1500 

3*1593 

3-1687 

3*1781 

3*1875 

3*1969 

! 680 

3*2063 

3*2157 

3*2258 

3*2347 

3*2442 

3*2537 

3*2632 

3*2727 

3*2822. 

3*2918 

! 690 

3*3013 

3*3109 

3*3206 

3*3301 

3*3397 

3*3493 

3*3590 

3*3686 

3*3783 

3*3880 

; 700 

3*3977 

3*4074 

3*4171 

3*4269 

3*4366 

3*4464 

3*4562 

3*4660 

3*4758 

3*4856 

710 

3*4955 

3*5053 

3*5152 

3*5251 

3*5350 

3*5449 

3-5548 

3*5647 

3*0/4/ 

3*5847 

720 

3*6946 

3*6046 

3*6146 

3*6247 

3*6347 

3*6447 

3*6548 

3*6649 

3*6750 

3*6851 

730 

3*6952 

3*7053 

3*7155 

3*7256 

3*7358 

3-7460 

3*7562 

3*7664 

3*7766 

3*7869 

740 

3*7971 

3*8074 

3*8177 

3*8280. 

3-8383 

3-8486 

3*8589 

3*8693 

3*8797 

3*8900 

750 

3*9004 

3*9108 

3*9213 

3*9317 

3*9421 

3*9526 

3*9631 

3*9736 

3*9841 

3*9946 

. 760 

4*0051 

4*0157 

4*0262 

4*0368 

4*0474 

4*0580 

4*0686 

4*0792 

4*0898 

4*1005 

; 770 

4*1112 

4*1219 

4*1326 

4*1433 

4*1540 

4*1648 

4*1755 

4*1863 

4*1971 

4*2079 

■ 780 

4-2187 

4*2295 

4*2404 

4*2612 

4*2621 

4*2730 

4*2839 

4*2948 

4*3057 

4*3166 

: 790 

4-3276 

4*3385 

4*3495 

4*3605 

4*3715 

4*3825 

4*3934 

4*4044 

4*4155 

4*4266 

: 800 

4*4378 

4*4489 

4*4600 

4*4712 

4*4823 

4*4935 

4*5046 

4*5158 

4*5270 

4*5382 

; 810 

4*5495 

4*5607 

4*5720 

4*5832 

4*5945 

4*6058 

4*6171 

4*6284 

4*6398 

4*6511 

^ 820 

4*6625 

4*6739 

4*6853 

4*6967 

4*7081 

4*7195 

4*7310 

4*7424 

4*7539 

4*7654 

: 830 

4*7769 

4*7884 

4*7999 

4*8115 

4*8230 

4*8346 

4*8462 

4*8578 

4*8694 

4*8811 

! 840 

4-8927 

4*9044 

4*9160 

4*9277 

4*9394 

4*9511 

4*9628 

4*9745 

4-9863 

4-9981 

i 850 

5*0099 

5*0217 

5*0335 

5*0453 

5*0571 

5-0690 

5*0809 

5*0927 

5*1046 

5*1165 

j 860 

5*1285 

5*1404 

5*1523 

5*1643 

5-1763 

5*1883 

5*2003 

5'2123- 

5*2243 

5*2364 

; 870 

5*2483 

5*2604 

5*2725 

6*2846 

5*2967 

5*3088 

5*3209 

5*3330 

5*3452 

5*3574 

t 880 

5*3696 

5*3818 

5*3940 

5*4062 

5*4185 

5*4308 

5*4431 

5*4554 

5*4677 

5*4800 




2 

; 3 

4 

5 

6 
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445 


TahU of energies — continued. 


Velocity. 


1.. 

2 

3 

4 

5 

6 

Y 

8 

9 : 

880 

6*3696 

5*3818 

5*3940 

5*4062 

5*4185 

5*4308 

5 -4431 

5*4554 

6-4677 

5*4800 ' 

890 

5*4925 

5*5048 

5-5172 

5*5296 

6*5420 

5*5544 

5*5668 

5-5792 

5-5917 

5*6041 

900 

5*6166 

5*6291 

5*6416 

5*6541 

5*6666 

5-6792 

5*6918 

5-7043 

5-7169 

5-7295 

910 

6-7421 

5-7547 

6-7674 

5-7800 

5-7927 

6*8054 

5*8181 

5-8308 

5*8435 

, 5*8563 ^ 

920 

6*8690 

5*8818 

5*8946 

5-9074 

5*9202 

5*9330 

5*9458 

5-9587 

5-9715 

5*9844 

930 

5*9973 

6*0102 

6*0231 

6*2360 

6*0490 

6*0620 

6-0749 

6-0879 

6*1009 

6*1139 , 

940 

6-1270 

6*1400 

6*1431 

6*1661 

6-1792 

6*1923 

6*2054 

6*2186 

6-2317 

6-2448 

950 

6*2580 

6-2712 

6*2844 

6-2976 

6*3108 

6*3241 

6-3373 

6*3506 

6*3639 

6*3772 

960 

6*3905 

6*4038 

6-4171 

6*4305 

6*4438 

6-4572 

6*4700 

6*4840 

6-4974 

6*5108 

970 

6*5243 

6-5377 

6*5612 

6-5647 

6-5782 

6-5917 

6*6052 

6-6187 

6*6324 

6*6459 ' 

980 

6*6595 

6*6731 

6*6867 

6-7003 

6*7140 

6-7276 

6*7413 

6*7550 

6-7687 

6*7824 

990 

6*7961 

6*8098 

6*8236 

6-8374 

6*8512 

6*8649 

6-8787 

6*8926 

6*9064 

6-9202 : 

1000 

6*9341 

6*9480 

6*9619 

6*9758 

6*9897 

7-0036 

7*0176 

7-0315 

7-0455 

7-0595 i 

1010 

7-0736 

7-0875 

7-1015 

7*1156 

7-1296 

7-1437 

7-1578 

7-1719 

7-1860 

7-2001 ‘ 

1020 

7-2142 

7-2284 

7-2426 

7*2567 

7-2709 

7-2851 

7*2994 

7-3136 

7-3278 

7-3421 : 

1030 

7*3564 

7-3706 

7*3850 

7-3993 

7-4136 

7*4279 

7-4423 

7-4567 

7-4711 

7-4855 : 

1040 

7*4999 

7-5143 

7-5288 

7*5433 

7-5577 

7-5722 

7*5867 

7*6012 

7-6157 

7-6302 , 

1050 

7*6448 

7*6594 

7*6740 

7-6886 

7-7032 

7-7178 

7*7325 

7-7471 

7-7617 

7-7764 ; 

1060 

7-7911 

7*8059 

7-8206 

7*8353 

7-8501 

7-8648 

7*8796 

7*8944 

7-9092 

7*9240 ■ 

1070 

7-9388 

7*9537 

7-9686 

7*9834 

7-9983 

8*0132 

8*0281 

8*0431 

8*0580 

8-0730 i 

1080 

8-0879 

8*1029 

8-1179 

8*1329 

8*1480 

8*1630 

8*1780 

8-1931 

8*2082 

8*2233 i 

1090 

8*2384 

8*2535 

8*2687 

8*2838 

8*2990 

8*3142 

8*3294 

8*3446 

8*3598 

8-3750 

1100 

8*3903 

8*4055 

8*4208 

8*4361 

8*4514 

8*4667 

8*4820 

8*4974 

8*5127 

8*5281 : 

1110 

8*5435 

8*5590 

8*5743 

8*5897 

8*6052 

8*6206 

8*6361 

8*6516 

8*6671 

8*6826 : 

1120 

8*6981 

8*7137 

8*7292 

8*7448 

8*7604 

8*7760 

8*7916 

8*8072 

8*8228 

8*8385 : 

1130 

8*8541 

8*8698 

8*8855 

8*9012 

8*9169 

8*9327 

8*9484 

8*9642 

8*9800 

8*9958 i 

1140 

9*0116 

9*0274 

9*0432 

j 9*0590 

9*0749 

9*0908 

9*1067 

9*1226 

9*1386 

9*1644 ; 

1150 

9*1703 

’ 9*1863 

9*2023 

9*2183 

9*2343 

9*2503 

9*2663 

9*2823 

9*2984 

9*3144 ' 

1160 

9*3305 

9*3466 

9*3627 

9*3788 

9*3950 

9*4111 

9*4273 

9*4435 

9*4597 

9*4759 i 

1170 

9*4921 

9*5083 

9*5246 

9*5408 

9*5571 

9*5734 

9*5897 

9*6060 

9*6223 

9*6387 ; 

1180 

9*6550 

9*6714 

9*6878 

9*7042 

9*7206 

9*7370 

9*7535 

9*7699 

9*7864 

9*8029 ; 

1190 

9*8194 

9*8359 

9*8524 

9*8690 

9*8855 

9*9021 

9*9186 

9*9352 

9*9518 

9*9685 : 

1200 

9*9851 

10*0018 

10*0184 

10*0351 

10*0518 

10*0685 

10*0852 

10*1019 

10*1187 

10*1354 : 

1210 

10*1522 

10*1690 

10*1858 

10*2026 

10*2194 ! 

10*2363 

10*2531 

^ 10*2700 

10*2869 

10*3038 i 

1220 

10*3207 

10*3376 

10*3546 

10*3715 

10*3885 

10*4055 

10*4225 

10*4395 

10*4565 

10*4735 i 

1230 

10*4906 

10*5077 

10*5247 

10*5418 

10*5589 

10*5761 

10*6932 

10*6103 

10*6276 

10*6447 

1240 

10*6619 

10*6791 

10*6963 

10*7135 

10*7308 

10*7483 

10*7653 

10*7826 

10*7999 : 

10*8172 

1250 

10*8345 

10*8519 

10*8692 

10*8866 

10*9040 

10*9214 

10*9388 

10*9562 

10*9737 

10*9911 ; 

1260 

11*0086 

11*0261 

11*0436 

11*0611 

11*0786 

11*0961 

11*1137 

11*1312 

11*1488 

11*1664 ; 

1270 

11*1840 

11*2016 

11*2193 

11*2369 

11*2546 

11*2722 

11*2899 

11*3076 

11*3254 

11*3431 ' 

1280 

11*3608 

11*3786 

11*3964 

11*4141 

11*4319 

11*4498 

11*4676 

11*4854 

11*5033 

11*5211 ! 

1290 

11*5390 

11*5569 

11*5748 

11*5928 

11*6107 

11*6287 

11*6466 

11*6646 

11*6826 

11*7006 i 

1300 

11*7186 

11*7367 

11*7547 

11*7728 

11*7909 

11*8089 

11*8271 

11*8452 

11*8633 

11 * 8814 . ! 

1310 

11*8996 

11*9178 

11 *9360 

11*9542 

11*9724 

11*9906 

12*0089 

12*0271 

12*0454 

12*0637 

1320 

12*0820 

12*1003 

12*1186 

12*1870 

12*1553 

12*1737 

12*1921 

12*2105 

12*2289 

12*2473 



■ 1 

2 

3 

4 

5 

6 

7 ' 

8 

9 1 
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INTERNAL. BALLISTICS 


Table of emr^m-^continnod. 


4* 

”3 
o 
' 'S 
> 


1 

2 

3 

4 

5 

6 

7 

8 

' 9 ' 

1320 

1330 

1310 

12*0820 

12*2657 

12-4509 

12*1003 

12*2842 

12--4695 

12*1186 

12*3026 

12*4881 

12*1370 

12*3211 

12*5067 

12*1553 

12*3396 

12*5253 

12*1737 

12*3581 

12*5440 

121921 

12*3766 

12*5626 

12*2105 

12*3952 

12*5813 

12-2289 

12-4137 

12-6000 

12*2473 
12 * 4 : 323 ' 
12 * 6187 . 

1350 

1360 

1370 

12*6374 

12*8253 

13*0146 

12*6561 

12*8442 

13*0336 

12*6749 

12*8631 

13*0526 

12*6936 

12*8820 

13*0717 

12-7124 

12 - 9009 

13 - 0907 

12*7312 

12*9198 

13*1098 

12-7500 

12 - 9387 

13 - 1289 

12-7688 

12 - 9677 

13 - 1479 

12*7876 

12*9766 

13*1671 

12*8065 

12*9956 

13*1862 

1380 

1390 

1100 

13*2053 

13*3974 

13*5908 

13*2244 

13*4167 

13*6103 

13*2436 

13*4360 

13*6297 

13*2628 

13*4553 

13*6491 

13*2820 

13*4746 

13*6686 

13*3012 

13*4939 

13*6881 

13*3204 

13*5133 

13*7076 

13-3396 

13-5327 

13-7271 

13*3588 

13*5520 

13*7466 

13-3781 

13-5714 

13-7661 

1110 

1120 

1430 

13*7857 

13*9819 

14*1795 

13*8052 

14*0016 

14*1994 

13*8248 

14*0213 

14*2192 

13*8444 

14*0411 

14*2391 

13*8640 

14*0608 

14*2590 

13*8836 

14*0806 

14*2789 

13*9033 

14*1003 

14*2988 

13*9229 

14*1201 

14*3187 

13*9426 

14*1399 

14*3386 

13 - 9622 

14 - 1597 
14-3586 

1140 

1150 

1160 

14-3785 

14-5789 

14-7807 

14*3985 

14*5991 

14*8010 

14*4185 

14*6192 

14*8213 

14*4385 

14*6393 

14*8415 

14*4585 

14*6595 

14*8618 

14-4786 

14-6797 

U - S 821 

14*4986 

14*6998 

14*9025 

14*6187 

14*7200 

14*9228 

14*5388 

14*7403 

14*9432 

14*5588 

* 14*7605 

14*9635 

1470 

1180 

1190 

14 - 9839 

15 - 1885 
15-3944 

15*0043 

15*2090 

15*4151 

15*0247 

15*2295 

15*4358 

15*0451 

15*2501 

15*4564 

16-0656 

15-2707 

15-4772 

15*0860 

15*2913 

15*4979 

15*1065 

15*3119 

15*5186 

15*1269 

15*3325 

15*5394 

15 * 14.74 

15*3531 

15*5601 

16-1579 

16-3737 

16-6809 

1500 
' 1510 
1520 

15*6017 

15*8104 

16*0205 

15*6225 

15*8314 

16*0416 

15*6434 

15*8524 

16*0627 

15*6642 

15*8733 

16*0838 

15*6850 

16*8943 

16*1050 

15*7059 

15*9153 

16*1261 

15*7268 

15*9363 

16*1473 

15-7477 

15 - 9574 

16 - 1684 

15*7686 

15*9784 

16*1896 

15*7895 

15*9995 

16*2108 

1530 
1540 
; 1550 

16-2320 

16-4449 

16-6592 

16*2533 

16*4663 

16*6807 

16-2745 

16-4877 

16-7022 

16*2958 

16*5090 

16*7237 

16*3170 

16*5305 

16*7453 

16*3383 

16*5519 

16*7668 

16*3596 

16*5733 

16*7884 

16*3809 

16*5948 

16*8100 

16*4022 

16*6162 

16*8316 

16*4236 
16*6377 
16*8532 . 

1560 

1570 

1580 

16 - 8748 

17 - 0919 
17-3103 

16*8965 

17*1136 

17*3322 

16 - 9181 

17 - 1354 
17-3541 

16*9398 

17*1572 

17*3761 

16*9615 

17*1791 

17*3980 

16*9832 

17*2009 

17*4200 

17*0049 

17*2228 

17*4420 

17*0266 

17*2446 

17*4640 

17*0483 

17*2665 

17*4860 

17*0701 

17*2884 

17*5081 

1590 
1600 
: 1610 

17-5301 

17-7513 

17-9739 

17*5522 

17*7735 

17*9962 

17-5742 

17 - 7967 

18 - 0186 

17*5963 

17*8179 

18*0409 

17*6184 

17*8402 

18*0633 

17*6405 

17*8624 

18*0857 

17*6627 

17 * 88-17 

18*1081 

17*6848 

17*9070 

18*1305 

17 * 7069 . 

17*9293 

18*1529 

17*7291 

17*9516 

18*1754 

1620 
1630 
: 1640 

18-1979 

18-4232 

18-6500 

18*2203 

18*4458 

18*6727 

18-2428 

18-4684 

18-6955 

18*2653 

18*4911 

18*7182 

18*2879 

18*5137 

18*7410 

18 * 3104 ) 

18*5364 

18*7638 

18*3329 

18*5591 

18*7867 

18*3555 

18*5818 

18*8095 

18*3780 

18*6045 

18*8323 

18*4000 

18*6272 

18*8552 

' 1650 
: 1660 
1670 

18 - 8781 

19 - 1076 
19-3385 

18*9010 

19*1306 

19*3617 

18 - 9239 

19 - 1537 
19-3849 

18*9468 

19*1767 

19*4081 

18*9697 

19*1998 

19*4313 

18*9927 

19*2229 

19*4545 

19*0156 

19*2460 

19*4777 

19*0386 

19*2691 

19*5010 

19*0616 

19*2922 

19*5242 

19 * 084 () 

19*3154 

19*5475 

1680 

1690 

1700 

19-5708 

19 - 8045 

20 - 0395 

19*5941 

19*8279 

20*0631 

19-6174 

19 - 8514 

20 - 0867 

19*6408 

19*8749 

20 * 1103 ; 

19*6641 

19*8983 

20*1340 

19*6875 

19*9218 

20*1576 

19*7108 

19*9454 

20*1813 

19*7342 

19*9689 

20*2049 

19-7576 

19*9924 

20*2286 

19*7810 

20*0160 

20*2523 

1710 
■' 1720 
‘ 1730 

20-2760 

20-5138 

20-7631 

20*2997 

20*5377 

20*7771 

20-3235 

20-5614 

20-8011 

20 * 3472 ' 

20*5855 

20*8251 

20*3710 

20*6094 

20*8491 

20*3947 

20*6333 

20*8732 

20*4185 

20*6572 

20*8973 

20 *4423 
20*6812 
20*9214 

, 20*4662 

20*7051 

20*9454 

20*4900 
20 * 7291 , 
20*9696 

1710 
. 1750 
1760 

20 - 9937 

21 - 2357 
21-4791 

21*0178 

21*2600 

21*5035 

21-0420 

21-2842 

21-5279 

21*0661 

21*3086 

21*5524 

21*0903 

21*3329 

21*5768 

21*1145 

21*3572 

21*6013 

21*1387 

21*3815 

21*6258 

21*1629 

21*4059 

21*6503 

21*1872 

21*4303 

21*6748 

21, *211 4 : 
' 21*4547 
21*6993 




2 , '■ 


4 

5 

6 

7 

;'8' 

9 ' ■ 
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TahU of energies-— conimued. 


’5 

'3 


1 . 

■ 2 „ 

3 

4 

6 

6 

7 

8 

9 

1760 

1770 

1780 

21 -4791 
21-7238 
21-9700 

21-5035 

21-7484 

21-9947 

21-5279 

21 - 7730 

22 - 0194 ^ 

21*5524 

21*7975 

22*0441 

21*5768 

21*8221 

22*0689 

21*6013 

21*8467 

22*0936 

21-6258 

21 - 8714 

22 - 1184 

21*6503 

21*8960 

22*1431 

21-6748 

21 - 9207 

22 - 1679 

21 *6993 
21*9453 
22*1927 

1790 

1800 

ISIO 

22-2175 

22-4665 

22-7168 

22*2424 

22*4915 

22*7419 

22*2672 

22*5164 

22*7670 

22*2921 

22*5414 

22*7922 

• 

22-3170 

22-5664 

22-8173 

22-3418 

22-6914 

22-8425 

22*3667 

22*6165 

22*8677 

22*3917 

22*6416 

22-8929 

22 * 4166 , 

22*6666 

22*9181 

22*4415 

22*6917 

22-9432 

1820 
1830 
; 1840 

22*9685 

23*2216 

23*4761 

22’9938 

23*2470 

23*5016 

23*0190 

23*2724 

23*5272 

23-0443 

23-2978 

23-5627 

23*0696 

23*3232 

23*5783 

23*0949 

23*3487 

23*6038 

23*1202 

23*3741 

23*6294 

23*1455 

23*3996 

23*6550 

23*1709 

23*4251 

23-6806 

23-1962 

23-4506 

23-7063 

^ 1850 
1860 
: 1870 

23-7320 

23 - 9892 

24 - 2478 

23 •7576 
24*0150 
24*2738 

23 - 7833 

24 - 0408 
24-2997 

23 - 8090 

24 - 0667 
24-3257 

23 - 8347 

24 - 0925 
24-3517 

23*8604 

24*1184 

24*3777 

23*8861 

24*1442 

24*4037 

23*9119 

24*1701 

24*4297 

23*9377 

24*1960 

24*4558 

23*9634 

24*2219 

24 - 4 S 1 S 

' 1880 
1890 
: 1900 

24-5079 

24 - 7693 

25 - 0321 

24*5340 

24*7956 

25*0585 

24-5601 

‘ 24-8217 

26-0848 

24*5862 

24*8480 

25*1112 

24-6123 

24 - 8743 

25 - 1376 

24-6384 

24 - 9005 

25 - 1640 

24*6646 

24*9268 

25*1904 

24*6907 

24*9531 

25*2169 

24*7169 

24-9794 

25*2433 

24*7431 

25*0058 

26*2698 

1910 

1920 

1930 

25*2963 

25*5618 

25*8288 

25*3228 

25-5885 

25*8556 

25*3493 

25-6151 

25*8824 

25*3758 

25*6418 

25-9092 

25*4024 

‘ 25*6685 

25-9360 

25*4289 

25*6952 

25*9628 

25*4555 

25-7219 

25*9897 

25*4820 

25*7486 

26*0165 

25*5086 

25*7753 

26*0434 

25*5352 

25*8021 

26*0703 

' 1940 
1950 
1960 

26*0972 

26*3669 

26*6380 

26*1241 

26*3940 

26*6662 

26*1510 

26*4210 

26*6924 

26-1780 

26*4481 

26*7196 

26*2049 

26-4752 

26*7469 

26-2319 

26-5023 

26-7741 

26*2589 

26*5294 

26*8014 

26*2858 

26*5566 

26*8287 

26*3129 

26*5837 

26*8559 

26*3399 

26-6109 

26-8832 

' 1970 
1980 i 
i 1990 

26*9105 

27*1844 

27*4597 

26-9379 

27*2119 

27*4873 

26*9652 

27-2394 

27*5150 

26*9926 

27*2669 

27*5426 

27-0199 

27*2944 

27*5702 

27*0473 

27*3219 

27*5979 

27*0747 

27*3494 

27*6256 

27*1021 

27*3770 

27*6533 

27*1296 

27*4046 

27*6810 

27-1570 

27*4321 

27*7087 

2000 

2010 

2020 

27*7364 

28*0145 

28*2939 

27*7641 

28*0423 

28*3219 

27*7919 
28*0702 
28*3500 1 

27*8197 

28*0981 

28*3780 

27*8475 

28*1261 

28*4061 

; 27*8753 
28-1540 
28*4341 

27*9031 

28*1820 

28*4622 

27*9309 

28*2099 

28 * 4903 ^ 

27*9587 

28*2379 

28*5185 

27*9866 

28*2659 

28*5466 

^ 2030 
2040 
2050 

28*5747 

28*8570 

29*1406 

28*6029 

28*8852 

29*1690 

28*6311 

28*9136 

29*1974 

28*6593 

28*9419 

29*2259 

28*6875 

28*9702 

29*2544 

28*7157 

28*9986 

29 * 2829 ’ 

28*7439 

29*0269 

29*3114 

' 28*7721 

29*0553 

29*3399 

28*8004 

29-0837 

29*3684 

28*8287 

29*1121 

29*3970 

■ 2060 
’ 2070 
2080 

29*4255 

29*7119 

29*9997 

29*-4541 

29*7406 

30*0285 

29*4827 
29 • 7694 - 
30-0574 

29*5113 

29*7981 

30*0863 

29*5399 

29*8269 

30*1152 

29*5686 

29*8556 

30*1441 

29*5972 

29*8844 

30*1730 

29*6259 

29*9132 

30*2020 

29*6545 

29 - 9420 

30 - 2309 

29*6832 

29*9709 

30*2599 

2090 

2100 

2110 

30*2888 

30*5794 

30*8713 

30*3178 

30*6085 

30*9006 

30*3468 

30*6377 

30*9299 

30*3759 

30*6668 

30*9591 

30*4049 

30*6960 

30*9885 

30*4339 

30*7251 

31*0178 

30*4630 

30-7544 

31*0471 

30*4921 
30-7836 
31 *0765 

30*5212 

30*8128 

31*1058 

30*5503 

30*8421 

31*1352 

2120 
2130 
; '2140 

31*1646 

31*4593 

31*7564 

31*1940 

31*4889 

31*7851 

31*2234 

31*5184 

31-8148 

31*2529 

31*5480 

31*8445 

31*2823 

31*5776 

31*8742 

31*3118 

31*6072 

31*9040 

31*3413 

31*6368 

31*9337 

31*3708 

31*6664 

31*9635 

31*4003 ! 

31*6961 

31*9933 

31*4298 

31*7257 

32*0231 

2160 

2160 

2170 

32*0529 

32*3517 

32*6520 

32*0827 

32*3817 

32*6821 

32*1125 

32*4117 

32*7122 

32*1424 

32*4417 

32*7423 

32*1723 

32*4717 

32*7725 

32*2021 

32*5017 

32*8026 

32*2320 

32*5317 

32*8328 

32*2619 

32*5617 

32*8630 

32*2919 

32*5918 

32*8932 

32*3218 

32*6218 

32*9234 

2180 

2190 

2200 

32*9536 

., 33*2566 

33*5610 

32*9839 

33*2870 

33*5916 

33*0141 

33*3174 

33*6221 

33*0444 

33*3478 

33*6526 

33*0747 

33*3782 

33*6832 

33*1050 

33*4087 

33*7138 

33*1353 

33*4391 

33*7444 

33*1656 
33*4696 
33 •7750 

33*1959 

33*5001 

33*8056 

33*2263 

33*5305 

33*8362 
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TahU of merffies — continued. 


• i* 

1 


1 

2 

3 

4 

6 

6 

",',■.7 

' ' 8 

' ' 9 

2200 

2210 

2220 

83’5610 

33*8668 

34*1740 

33*5916 

33*8975 

34*2048^ 

33*6221 

33*9282 

34*2356 

33*6526 

33*9588 

34*2664 

33*6832 

33*9895 

34*2973 

33- 7138 

34- 0203 
34-8281 

33- 7444 

34- 0510 
34,-3590 

33*7750 

34*0817 

34*3899 

'83*8056 

34*1125 

■34*4208 

33- 8362 

34- 1432 
34-4517 

2230 

2240 

2250 

34*4826 

34*7925 

35*1039 

34*5135 

34*8236 

35*1351 

34*5445 

34*8547 

35*1663 

34-6764 

84- 8858 

85- 1976 

34*6064 

34*9169 

35*2288 

31 *6,374 
34*9480 
35*2601 

34*6684 

34*9792 

35*2914 

34*6994 

36*0103 

35*3226 

34-7304 

85-0415 

36-3640 

34*7615 

35*0727 

35*3853 

2260 

2270 

2280 

35*4166 

35*7307 

36*0462 

35*4480 

35*7622 

36*0779 

35-i793 

35- 7937 

36- 1095 

35*5107 

35*8252 

36*1411 

35-6421 

35- 8668 

36- 1728 

35*5735 

35*8883 

36*2045 

35*6049 
35 *9199 
36*2362 

35*6363 

35*9514 

36*2679 

35*6678 

36*9830 

36*2996 

35- 6993 

36- 0146 
36-8314 

2290 

2300 

2310 

36*3631 

36*6814 

37*0010 

36-3949 

36- 7133 

37- 0331 

36-4267 

36- 7452 

37- 0651 

36- 4585 
86-7771 

37- 0972 

36*4903 

36*8091 

37*1293 

36-6221 

36- 8410 

37- 1614 

36-6539 

36- 8730 

37- 1935 

36*5868 
36 *9050 
37*2266 

36-6176 

36- 9370 

37- 2578 

36-6495 

36- 9690 

37- 2899 

2320 

2330 

2340 

37-3221 

37-6445 

37-9684 

37-3543 

37- 6769 

38- 0008 

37-3865 

37- 7092 

38- 0333 

37-4187 

37- 7416 

38- 0658 

37-4609 

37- 7739 

38- 0983 

37*4831 

37*8063 

38*1308 

37-5154 

37- 8387 

38- 1633 

37-5477 

37- 8711 

38- 1959 

37-5799 

37- 9035 

38- 2284 

37-6122 : 

37- 9369 

38- 2610 

2360 

2360 

2870 

38*2936 

38*6202 

38*9481 

38*3261 

38*6529 

38*9810 

38*3588 

38*6856 

39*0139 

38-3914 

38- 7184 

39- 0468 

38-4240 

38- 7512 

39- 0797 

38-4567 

38- 7840 

39- 1127 

38*4894 

38*8168 

39*1456 

38*5220 

38*8496 

39*1786 

88*5547 

38*8824 

39*2115 

38-5874 

38- 9163 

39- 2445 

2380 

2390 

2400 

39*2775 

39*6083 

39*9404 

39-3105 

39-6414 

39-9737 

39*3436 

39*6746 

40*0070 

39-3766 

39- 7078 

40- 0403 

39-4097 

39- 7410 

40- 0737 

39-4427 

39- 7742 

40- 1070 

39*4758 

39*8074 

40*1404 

39*5089 

39*8406 

40*1737 

39*5420 

39*8739 

40*2071 

39*5751 

39*9071 

40*2406 

2410 

2420 

2430 

40*2739 

40*6089 

40*9452 

40*3074 

40*6424 

40*9789 

40*3408 

40*6760 

41*0126 

40*3743 

40*7096 

41*0463 

40-4077 

40- 7432 

41- 0801 

40*4412 

40*7768 

41*1138 

40*4747 

40*8105 

41*1476 

40*5082 

40*8441 

41*1814 

40*5418 

40*8778 

41*2152 

40*5753 

40*9115 

41*2490 

2440 

2450 

2460 

41*2829 

41*6219 

41*9624 

41*3167 

41*6559 

41*9965 

41*3506 

41*6899 

42*0307 

41*3844 

41*7239 

42*0648 

41-4183 

41- 7580 

42- 0990 

41*4522 

41*7920 

42*1332 

41*4861 

41*8260 

42*1673 

41*5201 

41*8601 

42*2015 

41*5640 

41*8942 

42*2358 

41*5880 

41*9283 

42*2700 

2470 

2480 

2490 

42*3043 

42*6475 

42*9921 

42*3385 

42*6819 

43*0267 

42*3728 

42*7161 

43*0612 

42*4071 

42*7607 

43*0958 

42-4414 

42- 7852 

43- 1304 

42*4757 

42*8196 

43*1649 

42*5100 

42*8541 

43*1996 

42*5444 

42*8886 

43*2342 

42*5787 

42*9231 

43*2688 

42*6131 

42*9576 

43*3035 

2500 

2510 

2520 

43*3381 

43*6855 

44*0343 

43*3728 

43*7203 

44*0693 

43*4075 

43*7552 

44*1042 

43*4422 

43*7900 

44*1392 

43-4769 

43- 8249 

44- 1742 

43*5117 

43*8597 

44*2092 

43*5464 

43*8946 

44*2442 

43*5812 

43*9295 

44*2793 

43*6159 

43*9644 

44*3143 

43*6507 

43*9993 

44*3494 

2530 

2540 

2550 

44*3845 

44*7360 

45*0890 

44*4196 

44*7713 

45*1244 

44*4547 

44*8065 

45*1597 

44*4898 

44*8418 

45*1951 

44-5249 

44- 8771 

45- 2306 

44*5600 

44*9123 

45*2656 

44*5952 

44*9476 

45*3014 

44*6304 

44*9830 

45*3369 

44-6656 

45*0183 

45*3723 

44*7008 

45*0536 

46*4078 

2560 

2570 

2580 

45*4433 

46*7990 

46*1561 

45*4788 

45*8347 

46*1919 

45*5144 
45*8703 
46*2277 1 

45*5499 

45*9060 

46*2635 

45-5854 

45- 9417 

46- 2994 

45*6210 

1 45*9774 
46*3352 

45*6566 

46*0131 

46*3711 

45*6922 

46*0489 

46*4069 

45*7278 

46*0846 

46*4428 

45*7634 

46*1204 

46*4787 

2590 

2600 

2610 

46*5146 

46*8745 

47*2358 

46*5505 

46*9106 

47*2720 

46*5865 

46*9467 

47*3082 

46*6225 

46*9828 

47*3444 

46- 8584 

47- 0189 
47-3807 

46*6944 

47*0550 

47*4169 

46*7304 

47*0911 

47*4532 

46*7664 

47*1273 

47*4895 

46*8024 

47*1634 

47*5258 

46*8384 

47*1996 

47*5621 

2620 

2630 

2640 

47*5984 

47*9625 

48*3279 

47*6348 

47*9990 

48*3645 

! 

47*6711 

48*0355 

48*4011 

47*7075 

48*0720 

48*4378 

47- 7439 

48- 1085 
48-4745 

47*7803 

48*1450 

48*5111 

47*8167 

48*1816 

48*5478 

47*8631 

48*2181 

48*6845 

47*8896 

48*2547 

48*6212 

47*9260 

48*2913 

48*6680 
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o 
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1 ■ 

2 

3 

4 

5 

6 

7 

8 

9 , 

2640 

■2650 

2660 

48 •3279 
48 •6947 
49-0629 

48-3645 

48 - 7315 

49 - 0998 

48-4011 

48 - 7682 

49 - 1367 

48-4378 

48 - 8050 

49 - 1736 

48-4745 

48 - 8418 

49 - 2106 

48-5111 

48 - 8786 

49 - 2476 

48-5478 

48 - 9155 

49 - 2845 

48*5845 

48 - 9523 

49 - 3215 

48-6212 

48 - 9892 

49 - 3585 

48*6580 

49*0260 

49-3955 

2670 

2680 

2690 

49-4325 

49 - 8035 

50 - 1758 

49-4695 

49 - 8407 

50 - 2132 

49-5066 

49 - 8778 

50 - 2505 

49-6437 

49-9150 

6 Q ,-2878 

49 - 5807 
49*9523 

50 - 3252 

49-6178 

49 - 9895 

50 - 3625 

49 - 6549 

50 - 0267 
50-3999 

49 - 6920 

50 - 0640 
50-4373 

49 - 7292 
60-1013 

50 - 4747 

49*7663 

50-1385 

50*5122 

2700 

2710 

2720 

50-6496 

50 - 9247 

51 - 3012 

50-5870 

50-9623 

51*3390 

50-«245 

50*9999 

51*3767 

50*6620 

51*0375 

51-4145 

50 - 6995 

51 - 0752 
51-4622 

60 - 7370 

61 - 1128 
51-4900 

50 - 7745 

51 - 1505 
51-5278 

50 - 8120 
51*1881 

51 - 5656 

50 - 8496 

51 - 2258 . 
51-6035 

50*8871 
51*2635 
51 •6413 

2780 

2740 

2750 

51 - 6792 

52 - 0584 
52-4391 

51 - 7170 

52 - 0966 
52-4773 

51 - 7549 

52 - 1345 
52*5154 

51 - 7928 

52 - 1725 
62-5536 

51 - 8307 
62*2106 

52 - 5918 

51 - 8686 

52 - 2486 
52*6300 

51 - 9066 

52 - 2867 
52-6682 

61-9445 

52-3248 

52-7064 

61-9825 

52-3629 

52-7447 

52-0205 

52-4010 

52-7829 

2760 

2770 

2780 

52 - 8212 
53*2047 

53 - 5895 

52 - 8595 

53 - 2431 
53-6281 

52 - 8978 

53 - 2815 
53-6666 

52*9361 

53-3200 

53-7052 

52 - 9744 
58-3584 

53 - 7438 

53*0128 

53-3969 

53-7824 

53-0511 

53-4354 

63-8211 

53-0896 

53-4739 

53-8597 

53-1279 

53*5124 

53*8984 

53-1662 

53-5510 

53*9370 

2790 

2800 

2810 

53 - 9757 

54 - 3633 
54-7523 

54*0144 

54-4022 

54-7913 

64-0631 

54-4410 

54-8303 

54-0919 

54-4799 

54-8693 

54-1306 

54-5188 

54-9083 

54*1694 

54-5577 

54-9474 

54-2081 

54*5966 

54-9864 

54 - 2469 
54 *6355 

55 - 0255 

54-2857 

64-6744 

56-0645 

54*3245 

54*7134 

55-1036 

2820 

2880 

2840 

56-1427 
! 66-6346 
65-9277 

55-1819 

55*5738 

55*9670 

55-2210 

55 - 6130 

56 - 0065 

55 - 2601 
155-6523 

56 - 0459 

55 - 2993 
65-6916 

56 - 0863 

55-3385 

55 - 7309 

56 - 1248 

55-3776 

55-7702 

56*1642 

55-4168 

55 - 8096 

56 - 2037 

55-4560 

55 - 8489 

56 - 2432 

65 - 4953 
55-8883 

66 - 2827 

2850 

2860 

2870 

56-3222 

66 - 7182 

67 - 1155 

56-3618 

156-7578 

57*1553 

56-4013 

56 - 7975 

57 - 1951 

56-4409 

56 - 8372 

57 - 2350 

56-4804 

56-8769 

67-2748 

56-5200 

56 - 9167 

57 - 3147 

56-5596 

56 - 9564 

57 - 3545 

56-5992 

56 - 9961 

57 - 3944 

56 - 6389 

57 - 0369 
57-4343 

56-6785 

67-0757 

67-4743 

^ 2880 
2890 
2900 

67 - 6142 
57-9143 

68 - 3168 

57-5541 

57-9544 

68-3560 

57-5941 

57 - 9945 

58 - 3962 

57 - 6341 

58 - 0346 
58-4865 

57 - 6741 
68-0747 

58 - 4768 

57 - 7141 
58*1148 

58 - 5170 

57 - 7541 
58*1550 

58 - 5573 

57 - 7941 

58 - 1952 
58*5976 

57 - 8342 
58*2354 

58 - 6380 

! 67-8742 
58-2756 
58-6783 

2910 

2920 

2930 

58 - 7187 

59 - 1229 
59-5286 

58*7590 

59*1624 

59-5692 

58 - 7994 
59*2029 

59 - 6099 

58*8398 

59-2435 

59-6505 

58 - 8802 

59 - 2840 
59-6912 

58*9206 

59-3246 

59-7319 

58 - 9610 

59 - 3651 
59-7726 

59-0015 

59-4067 

59-8133 

59-0419 

59-4473 

69-8541 

1 59-0824 
: 69-4879 
69-8948 

2940 

2960 

2960 

59 - 9356 

60 - 3440 
60-7638 

69*9764 

60-3849 

60-7949 

60-0172 

60-4259 

60-8859 

60-0580 

60-4668 

60-8770 

60-0988 

60-5078 

60-9181 

60-1396 

60-5487 

60-9592 

60-1805 

60 - 5897 

61 - 0004 

60-2213 

60-6307 

61*0415 

60-2622 

60 - 6717 

61 - 0827 

60-3031 

60 - 7128 

61 - 1238 

2970 

2980 

2990 

61-1650 

61-5776 

61-9915 

61-2062 

61*6189 

62-0330 

61-2474 

61 - 6603 

62 - 0745 

61-2886 

61 - 7016 

62 - 1160 

61-3299 

61 - 7430 

62 - 1575 

61-3711 

61 - 7844 

62 - 1991 

61-4124 

61 - 8258 

62 - 2406 

61-4537 

61 - 8672 

62 - 2822 

61 - 4950 
61*9086 

62 - 3237 

61-5363 

61 - 9501 

62 - 3653 

3000 

62-4069 

62-4486 

62-4902 

62-5318 

62-5734 

62-6151 

62-6568 

62-6985 

62-7402 

62-7818 
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TalU giving in dimmochs the energy stored tip in 1 kilogramme in weighty moving at any velocity 
hettomn 1 and metres per second. 


i "" 

< ■ 'O 

j' ■ ■■ 


1 

2 

3 

4 

6 

6 

7 

8 ^ 

, 9 


*00000 

•00005 

-00020 

•00045 

•00082 

■00127 

•00183 

•00249 

•00326 

-00413 

10 

•00610 

•00617 

•00734 

•00861 

•00999 

•01147 

•01305 

*01473 

*01651 

*01840 

20 ' 

•02038 

•02247 

*02466 

•02696 

•02935 

*03185 

• 0«445 

•03716 

*03995 

•04285 

30 

•04586 

•04897 

•05218 

•05549 

•06891 

*06243 

•06604 

•06976 

■07359 

•07756 

40 

•08154 

■08666 

•08989 

•09422 

*09866 

•10319 

*10783 

•11267 

•11741 

■12235 

50 

■12740 

•13255 

•13780 

•14315 

•14860 

•15412 

•15981 

•16557 

•17143 

•17739 

60 

•18346 

*18962 

*19589 

•20226 

•20873 

•21531 

*22198 

•22876 

•23564 

•24262 

70 

•24970 

•25689 

•26418 

■27157 

•27906 

•28665 

•29434 

•30214 

•31004 

•31804 

80 

•32614 

•33435 

•34265 

*35106 

•36957 

•36819 

•87690 

•38672 

•39463 

•40365 

90 

•41278 

•42200 

•43132 

•44076 

*45028 

•45991 

•46965 

•47948 

•48942 

-49946 

100 

•50960 

•51984 

*53019 

-54063 

•55118 

*56183 

■67258 

•58344 

*59440 

*60546 

no 

•61662 

•62788 

-63924 

•65071 

•66228 

■67395 

•68572 

•69789 

•70957 

•72164 

120 

■73882 

■74610 

•75849 

•77097 

•78856 

•79626 

•80904 

•82193 

•83493 

*84802 

130 

•86122 

•87452 

•88793 

•90143 

•91504 

•92875 

•94256 

*95647 

•97048 

•98460 

: 140 

•99881 

1-01314 

1-02756 

1*04208 

1-05671 

1-07143 

1-08626 

1-10129 

1-11623 

1*13136 

150 

1*14660 

1*16194 

1-17738 

1-19292 

1-20857 

1*22481 

1*24016 

1-25611 

1-27216 

1*28832 

160 

1 -3 0458 

1*32093 

1-83740 

1-35396 

1-37062 

1-38739 

1*40425 

1-42122 

1*43829 

1-45547 

170 

1-47274 

1-49012 

1-50760 

1-52518 

1-54286 

1*56065 

1-67854 

1*59652 

1*61461 

1*63281 

180 

1*65110 

1*66960 

1-68880 

1-70660 

1-72530 

1-74410 

1-76301 

1-78201 

1-80113 

1*82034 

190 

1-83965 

1-85907 

1-87859 

1-89821 

1-91793 

1-93775 

1-95768 

1-97771 

1*99783 

2-01807 

200 

2-03840 

2*05883 

2-07937 

2*10001 

2-12075 

2*14159 

2*16254 

2-18358 

2-20473 

2*22598 

210 

2-24734 

2-26879 

2*29035 

2-31200 

2-33376 

2-35563 

2-37769 

2-39965 

2*42182 

2-44409 

220 

2-46646 

2*48894 

2-51151 

2*53419 

2-55697 

2-67985 

2-60283 

2-62592 

2*64910 

2-67239 

; 230 

2'69578 

2*71928 

2-74287 

2-76657 

2-79036 

2-81427 

2*83827 

2-86237 

2*88658 

2-91089 

240 

2-93630 

2*95980 

2-98442 

3-00913 

3-03395 

3-05887 

3-08389 

3-10902 

3-13424 

3-16957 

250 

3-18500 

3*21053 

3*23616 

3*26190 

3-28773 

3-31367 

3*33971 

3-36586 

3-39210 

3-41846 

260 

3 - 4449 Q 

3*47145 

3*48810 

3*51485 

3*54170 

3-67867 

3*60572 

3*63288 

3-66015 

3-68752 

270 

3-71498 

3*74255 

3*77022 

3*79800 

3-82587 

3-85385 

3-88192 

3-91010 

3-93839 

3-96678 

280 

3-99526 

4*02386 

4*05254 

4*08133 

4-11023 

4-13923 

4*16832 

4*19752 

4-22683 

4-25628 

290 

4-28574 

4'31534 

4*34505 

4*37486 

4-40478 

4-43480 

4*46491 

4-49513 

4-52545 

4-65587 

300 

4-58640 

4*61703 

4*64775 

4*67859 

4*70952 

4-74055 

4*77169 

4*80293 

4-83426 

4-86671 

310 

4-89726 

4 -92890 

4*99065 

4*99250 

5*02445 

6-06650 

5*08866 

5-12092 

5-15328 

6-18674 

320 

6-21830 

5-25097 

5-28374 

5-31660 

5-34958 

6-38266 

5-41582 

5*44910 

5-48248 

5-51596 

330 

5-54954 

5-58322 

6*61701 

5-65090 

5-68489 

5-71899 

5-75318 

5*78748 

5*82187 

5-86637 

340 

5-89098 

6 -92668 

5*96048 

5-99539 

' 6*03040 

6-06551 

6-10073 

6*13604 

6*17146 

6-20698 

.350 

6-24260 

6-27832 

6*31415 

6-35007 

6*38610 

6-42223 

6-45847 

6*49480 

6-53124 

6-66777 

360 

6 -60442 

6-64116 

6*67800 

6*71495 

6-75200 

6-78915 

6*82640 

6-86375 

6-90120 

6-93876 

370 

6-97642 

7-01418 

; 7-05205 

7-09001 

7*12808 

7-16625 

7*20452 

7*24289 

7-28137 

7-31994 

380 

7-36862 

i 7-39740 

' 7*43629 

7*47526 

7-51435 

7-66354 

7-59283 

7*63223 

7-67172 

7-71132 

390 

7 •76101 

, 7-79081 

7-83073 

7-87072 

7-91083 

7-95103 

7-99134 

8*03175 

8-07226 

8-11288 

400 

8-15360 

> 8-19442 

! 8-23534 

8*27636 

8-31749 

8-35871 

8-40004 

8-44147 

8*48300 

8-62403 

- 410 

8-56639 

1 8-60822 

^ 8 -65016 

8*69221 

- 8-73435 

- 8-77660 

8*81894 

8 - 86 X 39 

8-90394 

8-94660 

420 

8-98936 

i 9*03221 

. 9*07517 

9-11823 

9-16139 

1 9-20466 

9*24808 

9-29149 

9*33506 

9-37873 

430 

9-42251 

. 9*46632 

► 9-51037 

9*55446 

9*59863 

9-64292 

9*68730 

9*73178 

9*77637 

9-82106 

440 

9-86686 

; 9 * 9107 £ 

1 9*95575 

10 * 0008 ^ 

10*03605 

10-08135 

10*13676 

10-18227 

10-22787 

10-27369 




2 

3 

: 4 

6 

6 

.:7 ■ 

8 

9 
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Table givinff in dinamodes the energy stored up in 1 Ulogramme in weight, continued. 


Yelocity. 


1 

2 

3 

4 

6 

6 

7 

1 

8 

9 , 

440 

9-86585 

9-91075 

9-95575 

10-00084 

10-03605 

10-08135 

10-13676 

10-18227 

10-22787 

10-27359 

450 

10-31940 

10-36531 

10-41133 

10-45745 

10-50367 

10-54999 

10*59642 

10*64294 

10-68957 

10-73630 

460 

10-78313 

10-83007 

10-8W10 

10-92424 

10-97148 

11-01883 

11-06627 

11*11381 

11*16146 

11-20921 

470 

11-26706 

11-30502 

11-35307 

11-40123 

11*44949 

11-49786 

11-54631 

11*59488 

11-64355 

11-69232 

480 

11-74119 

11-79016 

11-83924 

11-88842 

11-93769 

11-98708 

12-03656 

12-08614 

12-13583 

12-18562 

490 

12*23550 

12-28550 

12-33658 

12-38578 

• 

12-43607 

12-48647 

12-63697 

12-58758 

12-63828 

12-68909 

600 

12-74000 

12-79101 

12i84212 

12*89334 

12-94465 

12-99607 

13-04759 

13-09922 

13-15094 

13-20277 

510 

13-25470 

13-30673 

18-35891 

13-41114 

13-46348 

13-51592 

13-55845 

13-61109 

13-66383 

13-71668 

620 

13-77964 

13-83269 

13-88584 

13*93909 

13-99245 

14-04590 

14-09946 

14-15312 

14*20689 

14*26075 

530 

14-31472 

14-36879 

14-42296 

14-47723 

14-53160 

14-58608 

14*64066 

14-69534 

14-75012 

14*80500 

540 

14-86000 

14-91508 

14-97097 

15-02556 

15-08096 

15*13645 

15*19205 

15-24776 

15*30355 

15*35945 

550 

15-41546 

16-47157 

15-52778 

15*58409 

15*64040 

15-69701 

15-75363 

15-81035 

15*86717 

15-92409 

560 

15-98112 

16-03824 

16-09547 

16-15280 

16-21023 

16-26777 

16*32540 

16-38314 

16-44098 

16-49892 

570 

16-55697 

16-61511 

16-67336 

16-73171 

16-79016 

16-84872 

16-90737 

16-96613 

17-02499 

17-08395 

580 

17-14301 

17-20218 

17-26144 

17-32081 

17-38028 

17-43985 

17-49953 

17-55930 

17-61918 

17-67916 

590 

17-73924 

17-79942 

17-85971 

17-92010 

17-98069 

18*04118 

18-10188 

18-16267 

18*22357 

18-28467 

600 

18-34567 

18-40687 

18-46818 

18-52958 

18-59109 

18-65271 

18-71442 

18-77623 

18-83815 

18-90017 

610 

18-96220 

19-02451 

19-08683 

19-14926 

19-21179 

19-27442 

19-33715 

19-39999 

19*46292 

|19*52596 

620 

19-68911 

19-65235 

19 71569 

19-77914 

19-84269 

19-90634 

19-97009 

20*03394 

20*09790 

20-16195 

630 

20-22611 

20-29036 

20-35473 

20-41919 

-20-48376 

20-54843 

20*61320 

20-67807 

20*74304 

20-80812 

640 

-20-87330 

20-93858 

21-00396 

21*06944 

21*13503 

21-20072 

21-26651 

21-33240 

21-39821 

21*46441 

650 

21-58071 

21-59710 

21-66351 

21*73001 

21-79641 

21-86322 

21-93003 

21-99694 

22*06395 

22-13107 

660 

22-19828 

22-26560 

22-33300 

22-40053 

22*46815 

22*53590 

22-60372 

22*67165 

22-73969 

22-80782 

670 

22-87605 

22-95439 

23-02283 

23-09137 

23*15001 

23-21876 

23-28761 

23-35656 

23-42561 1 

23-49476 

680 

23-56402 

23*63338 

23-70283 

23-77240 

23*84206 

23-91182 

23-98169 

124-05166 

24-12173 

24-19190 

690, 

24-26217 

24-33255 

24-40303 

24-47361 

24*54429 

24-61507 

24-68596 

24-75695 

24*82804 

24-89923 

700 

24-97052 

25*04192 

25-11341 

25-18501 

25-25671 

25-32852 

25*40042 

25-47243 

25*64454 

25-61675 

710 

25-68906 

25-76148 

25-83399 

26-90661 

25-97933 

26-05215 

26-12508 

26-19810 

26-27123 

26-34446 

720 

26-41779 

26-49123 

26-56476 

26-63840 

26-71214 

26*78598 

26*85992 i 

26-93397 

27-00812 

27-08237 

730 

27*15672 

i27-231l7 

27-30572 

27-38038 

27*45514 

27-53000 

27-60496 

27-68003 

27-75519 

27-83046 

740 

27-90583 

27*98130 1 

28-05688 

28-13266 

28-20833 

28-28421 

28-36019 

28-43628 

28-51246 

28-58875 

750 

28-66514 

28-74163 

28-81822 

28-89492 

28-97172 

29-04862 

29-12562 

29-20272 

29*27992 

29-35723 

760 

29-43464 

29-51215 

29-58976 

29-66748 

29*74529 

29*82321 

29-90123 

29-97935 

30-05758 

30-13590 

770 

30-21433 

30*29286 

30-37149 

30-46023 

30-52906 

30*60800 

30-68704 

30-76618 

30*84542 

30-92477 

780 

31*00422 

31*08376 

31-16342 

31-24317 

31-32302 

31*40298 

31-48304 

31*56320 

31-64346 

31*72382 

790 

31-80429 

31-88486 

31-96553 

32-04630 

32*12718 

32*20815 

32-28923 

32-37041 

|32-45169 

32*53307 

800 

32-61456 

32-69615 

32*77784 

32-85963 

32-94152 

33-02352 

33-10561 

33*18781 

33-27011 

33-35251 

810 

33-43502 

33-51763 

33-60034 

33-68315 

33*76606 

33*84907 

33-93219 

34-01541 

34-09873 

34-18215 

820 

34-26567 

34-34929 

34-43303 

34-51685 

34-60079 

34-68482 

34-76896 

34-85319 

34-93753 

35-02197 

830 

36-10662 

35-19116 

35*27591 

35-36076 

35*44571 

35*53076 

35*61591 

35*70117 

35*78653 

35-87199 

840 

35-95755 

36*04322 

36-12898 

36-21486 

36-30082 

36-38689 

36-47307 

36-55934 

36-64572 

36-73220 

850 

36-81878 

36-90546 

36-99225 

37-07914 

37*16613 

37-25322 

37-34041 

37*42770 

37-51510 

37-60260 

860 

37-69020 

37-77790 

37-86571 

37-95361 

38*14162 

38-12973 

38-21794 

38-30626 

38-39467 

38-48319 

870 

38-57181 

38-66053 

38-74936 

38-83828 

38-92731 

39-01644 

39-10567 

39-19601 

39*28444 

39-37398 

880 

39-46362 

39-55336 

39-64320 

39-73315 

39-82319 

39-91334 

40*00359 

40-09394 

40-18440 

40-27495 




2 

3 

4 

5 

6 

T 

8 

9 


* 
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Tahh giving in dinmiodes the energy stored ttp in 1 kilogramme in weight, sic.— continued. 


j 

% 

i> , 


1 

3 

3 

4 

6 

6 

'■7' .. 

8 

, 9 . . 

880 

890 

900 

39*46362 

40*36561 

41*27780 

39'553S6 

40- 46637 

41- 36958 

39*64320 

40*64723 

41*46146 

39*73316 

40*63820 

41*65345 

39*82319 

40*72927 

41*64653 

39*91334 

40*82043 

41*73772 

40*00359 

40*91170 

41*83001 

40*09394 

41*00308 

41*92240 

40*18440 

41*09455 

42*01489 

40- 27495 

41- 18612 

42- 10749 

910 

920 

9S0 

42- 20018 

43- 18275 

44- 07552 

42*29298 

43*22657 

44*17035 

42*38588 

43*32049 

44*26630 

42*47888 

43*41451 

44*36034 

42*57199 

43*60864 

44*45548 

42- 66520 

43- 60286 

44- 56072 

42- 76860 

43- 69719 

44- 64607 

42- 86191 

43- 79162 

44- 74162 

42*94542 

43*88616 

44*83707 

43-08904 

43- 98078 

44- 93272 

940 

950 

960 

46*02848 

46*99162 

46*96497 

45*12433 

46*08850 

47*06286 

45*22029 

46*18548 

47*16086 

45*31635 

46*28256 

47*25896 

45- 41261 

46- 37974 

47- 36716 

46-50878 

46- 47702 

47- 46546 

45*60514 

46*57441 

47*55386 

45- 70161 

46- 67189 

47- 65237 

45- 79818 

46- 76948 

47- 76098 

45*89485 

46*86717 

47*84969 

970 

980 

990 

47*94860 

48*94222 

49*94614 

148*04741 

49*04216 

60-04709 

48*14643 

49*14219 

50*14816 

48*24655 

49*24233 

50*24930 

48- 84477 

49- 84267 
60-36066 

48- 44409 

49- 44291 
60-45192 

48*54351 

49*54335 

50*55338 

48- 64304 

49- 64889 

50- 66495 

48- 74266: 

49- 74454 

50- 76661 

48-84239 

49*84529 

50*85838 

1000 

60*96026 

61*06222 

51*16429 

51*26647 

51-38876 

51-47113 

51*57361 

51-67619 

61-77888 

51*8816^ 



1 

2 

8 

4 

6 

6 

7 

8 

9 
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TaMe showing theworhin dinaniodes that 1 kilogramme of gunpowder is capable of performing in 
expanding from, volume — 1, to any given number of volumes up to H), 


Volumes . 

•00 

•01 

•02 

•03 

•04 

•05 

*06 

•07 

*08 

•09 

1*0 

*000 

•667 

1*819 

1*956 

2*578 

8-187 

3*782 

4*365 

4-934 

5*492 

■■■ , *1 : 

6*038 

6-674 

7 - 0^8 

7-612 

8-117 

8-612 

9*098 

9-576 

10-044 

10*505 


10*957 

11*402 

11*841 

12-273 

12-697 

13*114 

13*525 

13*929 

14-327 

14 ■718 

*3 

15*104 

15*483 

15*858 

16-227 

16*591 

16*951 

17-306 

17-655 

18-000 

18*340 

*4 

18’676 

19*009 

19*337 

19*661 

19*980 

20*030 

20*608 

20*916 

21*220 

21*521 ■ 

, *5 

21*818 

22*112 

22*403 

22*690 

22*974 

23*256 

23*533 

23*808 

24*080 

24*348 

•6 

24*615 

24-879 

2^-140 

20-397 

25*653 

25*906 

26-167 

26*404 

26*630 

26*893 

•7 

27’133 

27-372 

27-608 

27-842 

28-073 

28*303 

28-631 

28-767 

28*981 

29*202 

•8 

29-422 

29*639 

29*856 

30-070 

30*282 

30*493 

30-702 

30*909 

31*114 

31*318 

•9 

31*520 

81-764 

81*920 

32*118 

32*313 

32*508 

32-701 

32*892 

33*083 

83-271 

2*0 

33*458 

33*643 

83-826 

34*008 

34*189 

34*367 

34*545 

34-721 

34-897 

35-073 

•1 

35 •247 

35-420 

35-592 

35-763 

35*932 

36*100 

36-267 

36*432 

36-697 

36-761 

*2 

36*924 

37-086 

37-248 

37-407 

37*566 

37-724 

37*881 

38*036 

38-191 

38-345 

*3 

38*498 

38*650 

38*801 

38*951 

39*100 

39*248 

39*396 

39*542 

39*688 

39*832 

•4 

39*998 

40*118 

40*260 

40*401 

40*542 

40*681 

40*819 

40-957 

41*094 

41*230 

•5 

41*365 

41*499 

41*633 

41*766 

41*899 

42*029 

42*160 

42*289 

42-418 

42-547 

•6 

42-675 

42*803 

42*930 

43*056 

43*181 

43*305 

43*428 

43-552 

43-676 

43-797 

*7 

43-918 

44*039 

44*159 

44-278 

44*398 

44*516 

44*634 

44*752 

44*868 

44*985 

*8 

45*101 

45*216 

45*331 

45*445 

45*558 

45-571 

45*784 

45-896 

46-007 

46-117 

•9 

46*228 

46*338 

46-447 

46*555 

46*664 

46-772 

46*879 

46*986 

47-024 

47*130 

3*0 

47-303 

47-408 

47*512 

47-616 

47-720 

47*823 

47-925 

48*027 

48*129 

48-230 

•1 

48*351 

48-431 

48*531 

48*631 

48*730 

48*830 

48*928 

49*027 

49*124 

49-221 

•2 

49*318 

49-414 

49*510 

49-606 

49*701 

49*796 

49*891 

49*985 

50*079 

50*173 

•3 

; 50*265 

50*358 

50*451 

50*543 

50*634 

50*726 

50*817 

50*907 

50*998 

51*088 

•4 

51*177 

51*267 

51*356 

51*445 

51*533 

51*621 

51*708 

51*795 

51*883 

51*969 

•5 

52*056 

52*142 

52*227 

52*313 

52*398 

52*482 

52*567 

52*651 

52*735 

52*818 

•6 

52*900 

5 ) 2*983 

53*066 

53*148 

53*230 

53*312 

53*393 

53*474 

53*555 

53*636 

•7 

53*716 

53*796 

53*876 

53*956 

54*035 

54*114 

54*192 

54*271 

54*349 

54*427 

•8 

54*505 

54*583 

54*660 

54*737 

54*813 

54*889 

54*966 

55*041 

55*117 

55*193 

•9 

55*268 

55*343 

55*418 

55*492 

55*567 

55*640 

55*714 

55*788 

55*861 

55*934 

4*0 

56*007 

56*079 

56*151 

56*224 

56*295 

56*367 

56*439 

56*510 

56-581 

56*652 

•1 

56*723 

56*793 

56*864 

56*934 

57*003 

57*073 

57*143 

57*211 

57-280 

57*349 

.» 2 ' 

57*418 

57*486 

57*554 

57*623 

57*690 

57*758 

57*825 

57*892 

57*960 

58*027 

*3 

58*093 

58*160 

58*226 

58*292 

58*358 

58*423 

58*489 

58*554 

58*620 

58*685 

•4 

58*750 

58*814 

58*878 

58*942 

59*007 

59*071 

59*134 

59*198 

59*261 

59*324 

- O ' 

59*388 

59*451 

59*514 

59*576 

59*659 

59*701 

59*763 

59*825 

59*887 

59 -MS 

•6 

60*001 

60*071 

60*132 

60*192 

60*253 

60*314 

60*374 

60*434 

60*494 

60*554 

^ *7 

60*614 

60*673 

60*732 

60*792 

60*851 

60*910 

60*969 

61*027 

61*086 

61*144 

*8 

61*203 

61*261 

61*318 

61*376 

61*434 

61*491 

61*548 

61*606 

61*663 

61*720 

•9 

61*776 

61*833 

61*889 

61*946 

62*002 

62*058 

62*114 

62*170 

62*225 

62-280 

5*0 

62*335 

62*391 

62*446 

62*501 

62*556 

62*610 

62*665 

62*720 

62*774 

62-828 

. *1 , 

62*882 

62*936 

62*990 

63*043 

63*097 

63*150 

63*203 

63*256 

63-310 

63*363 

■,,.*2 

63*415 

63*468 

63*520 

63*573 

63*625 

63*677 

63*729 

63*781 

63*833 

63*885 

*3 

63*936 

63*988 

64*039 

64*090 

64*141 

64*192 

64*243 

64*294 

64*345 

64*395 

" *4 " 

64*446 

64*496 

64 *547 

64*597 

64*647 

64*697 

64*747 

64*797 

64*846 

64*896 


•00 

•01 

•02 

•03 

•04 

•05 

•06 

.. 

•07 

-08 

•09 
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'lahU showing the worh in dinamodes that 1 kUogramnie of gunpowder, etc.— contirmRi. 


Volumes . 

•00 

'01 

‘02 

•03 

*04 

*05 

*06 

*07 

■ -08 ■ 

•09 

5 f ) : 

64*944 

64*994 

65*043 

66-092 

65*141 

65*190 

65*239 

65-287 

66-335 

65*384 

*6 

65*432 , 

65-481 

65*629 

65-576 

66*624 

86-672 

65-^20 

66-767 

65*815 

65*863 

• 7 , 

65*910 

65-957 

66*004 

66*051 

66*098 

66*145 

66*192 

66*238 

66*284 

66*331 

•8 

66 -379 

66*423 

66-470 

66*516 

66*561 

66-607 

66*653 

66*698 

66-744 

66-790 

•9 

66*835 

66*880 

66*925 

66-970 

67-015 

67-060 

67-105 

67-160 

67-194 

67*239 

6*0 

67-283 

67-327 

67-372 

67-416 

67-460 

67 - 504 * 

67-548 

67-591 

67-635 

67-679 

•1 

67-722 

67-766 

67-810 

67-853 

67-896 

67-939 

67-982 

68*025 

68-068 

68*111 

‘2 

68*154 

68-197 

68*240 

68*282 

68*325 

68-367 

68*409 

68*451 

68*494 

68*536 

•3 

68-578 

68-620 

68*661 

68-704 

68-745 

68-787 

68*829 

68-870 

68*911 

- 68*952 

•4 

68*993 

69*034 

69-076 

69*116 

69-157 

69*198 

69-239 

69*280 

69-320 

69*361 

*5 

69*402 

69*442 

69*482 

69*522 

69*563 

69*603 

69*643 

69-683 

69-724 

69-764 ^ 

•6 

69*808 

69-843 

69-883 

69*922 

69*962 

70*001 

70-041 

70-080 

70-120 

70-169 

*7 

70-198 

70-237 

70-276 

70*315 

70-354 

70-393 

70-432 

70-470 

70-609 

70-548 

•8 

70-586 

70-624 

70-662 

70-700 

70-739 

70-777 

70-816 

70-868 

70-891 

70-929 

•9 

70-966 

71-004 

71-041 

71-079 

71-116 

71-158 

71-191 

71-229 

71-267 

71-303 

: 7-0 

71-340 

71-377 

71-414 

71-451 

71-488 

71-524 

71-562 

71-698 

71-635 

71-672 

•1 

71-708 

71-744 

71-780 

71*816 

71*852 

71-899 

71-925 

71-961 

71-997 

72-033 

•2 

72-069 

72-106 

72-141 

72-177 

72-212 

72-247 

72*283 

72-318 

72-354 

72-389 

•3 

72-426 

72*460 

72-496 

72-531 

72-665 

72-600 

72-635 

72-670 

72*705 

72*739 

•4 

72-774 

72*809 

72-844 

72-878 

72*913 

72-947 

72-981 

73-016 

73-050 

73-084 

*5 

73-118 

73*152 

73-186 

73-220 

73-254 

73*288 

73-323 

73-356 

73-390 

73-423 

*6 

73-456 

73-490 

73-523 

73-557 

73-590 

73-623 

73-667 

73-690 

73-724 

73-757 

•7 

73-790 

73-823 

78-856 

73-889 

73-922 

73-955 

73-988 

74-020 

74-053 

74-086 


74-119 

74-151 

74-184 

74-217 

74-496 

74-282 

74-314 

74-346 

74-378 

74-410 

•9 

74*442 

74-474 

74-606 

74-538 

74-570 

74-602 

74-634 

74-666 

74-698 

74-729 

8-0 

74-760 

74-792 

74-823 

74-855 

74-886 

74-917 

74-949 

74-980 

76-011 

75-043 

•1 

75-074 

75-106 

75-137 

75-168 

75-200 

76-230 

75-261 

76-292 

75-322 

75-353 

•2 

75-384 

75-415 

75-446 

75-476 

75-511 

75-537 

75-568 

75-699 

75-629 

75-660 

•3 

75-690 

76-720 

75-760 

75-781 

75-811 

76-841 

75-871 

76-901 

75-931 

76-961 

•4 

76-991 

76-021 

76-061 

76-081 

76-111 

76-141 

76-171 

76-200 

76-230 

76-260 

•5 

76-288 

76-318 

76-347 

76-376 

76-406 

76-435 

76-464 

76-494 

76-523 

76-552 

'6 

76-582 

76-611 

76-640 

76-670 

76-700 

76-729 

76-767 

76-785 

76-814 

76-843 

■’ 7 ;, 

76-872 

76-900 

76-929 

76-958 

76-986 

77-015 

77-043 

77-071 

77-101 

77-129 

*8 

77-157 

77-186 

77-214 

77-243 

77-271 

77-299 

77-327 

77-356 

77-384 

77-412 

•9 

77-440 

77-468 

77-496 

77-524 

77-552 

77-680 

77-608 

77-636 

77-664 

77-692 

9-0 

77-719 

77-747 

77-774 

77-802 

77-829 

77-857 

77-884 

77-912 

77-940 

77-967 

'■ '- I , 

, 77-994 

78-022 

78-049 

78-076 

78-103 

78-131 

78-168 

78-185 

78-212 

78-239 

.> 2 ' 

78-266 

78-293 

78-320 

78-347 

78-374 

78-401 

78-428 

78-456 

78-481 

78-508 

•3 

78-535 

78-561 

78-588 

78-614 

78-641 

78-668 

78-694 

78-720 

78-747 

78-773 

•4 

78-799 

78-825 

78-862 

78-878 

78-904 

78-930 

78-967 

78-983 

79-009 

79-035 

%5 

79-061 

79-087 

79-113 

79-139 

79-165 

79-191 

79-217 

79-243 

79-269 

79-295 

‘6 

79-320 

79-346 

79-371 

79-397 

79-422 

79-448 

79-473 

79-499 

79-524 1 

79-550 

■ -7 

79-676 

79-601 

79-626 

79-651 

79-876 

79-702 

79-727 

79-762 

79-777 

79-803 

•8 

79-828 

79-858 

79-878 

79-904 

79-928 

79-953 

79-978 

80-003 

80-034 

80-053 

•9 

80-078 

80-103 

80-127 

80-153 

80-177 

80-202 

80-226 

80-251 

80-275 

80-300 


*00 

r 

•01 

•02 

•03 

-04 

•06 

•06 

•07 

*08 

•09 
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Table showing the work in dinaModes that 1 kilogramme of gunpotoder^ etc. — continued. 


Volumes . 

•00 

•01 

*02 

•03 

• 04 : 

•05 

*06 

• C 7 

'• 03 ... : 

•09 

10*0 

80. -324 

80*568 

80*809 

81*048 

81*284 

81*518 

si-749 

81-977 

82-204 

82-427 

11 

82*649 

82*868 

83*085 

83*299 

83*513 

83-723 

83-932 

84*138 

84*342 

84*545 

12 , 

84-746 

84-945 

85-112 

85*338 

85*531 

86-723 

85*912 

86*100 

86*293 

86-477 

: IS ' 

86*654 

86*835 

87-016 

87-194 

87-371 

87-648 

87-722 

87-895 

88*066 

88*236 

14 ,. 

88*404 

88-571 

88-736 

88*901 

89*065 

89*228 

89*389 

89*550 

89*708 

89*865 

■ 15 ; 

90*020 

90-173 

90*326 

9 , 9-478 

90*629 

90-779 

90*928 

91-077 

91;225 

91-372 

16 

91*519 

91*665 

9 P 809 

91*952 

92*095 

92*235 

92*374 

92*512 

92*648 

92*783 

17 

92 - 9 X 7 

93*053 

93*183 

93*316 

93-447 

93-578 

93-709 

93*839 

93*969 

94*098 

18 

94-227 

94*355 

94*483 

94*609 

94-734 

94*858 

94*981 

95*102 

95*222 

95*341 

19 

95-469 

95-577 

95*694 

95*811 

95*928 

96*045 

96*161 

96-277 

96*392 

96*506 

20 

96*620 

96*734 

96*846 

96-957 

97*067 

97-177 , 

97*286 

97-396 

97-503 

97-611 

21 

97-719 

97-826 

97-933 

98*039 

98*144 

98*248 

98*352 

98*456 

98*559 

98*661 

22 

98-763 

98*865 

98*966 

99*066 

99-167 

99*266 

99*365 

99*463 

99*561 

99*658 

23 

99-765 

99*851 

99-947 

100*043 

100-137 

100*232 

100*326 

100*420 

100*514 

100*607 

24 

100-701 

100-794 

100*886 

100-978 

101*069 

101-160 

101*251 

101*341 

101*431 

101*520 

25 

101*609 

101*697 

101*785 

101*873 

101*961 

102-047 

102*134 

102*220 

102*306 

102*391 

26 

102*476 

102*561 

102*646 

102*729 

: 102*813 

102-897 

102*980 

103*062 

103*145 

103*227 

27 

103*309 

103*390 

103*471 

103*551 

103*632 

103-712 

1103*792 

103*871 

103*950 

104*028 

28 

104*107 

' 104*184 

104*262 

104*339 

104*416 

104-493 

i 104*563 

104*645 

104*721 

104*796 

29 

104*871 

i 104*946 

105*020 

105*094 

105*167 

105-241 

i 105*315 

105*388 

105*461 

105*533 

30 

105*605 

105*678 

105*749 

105*821 

105*892 

105-963 

106*034 

106*104 

106*174 1 

106*244 

31 

106*313 

106*383 

106*452 

106*521 

106*590 

106-658 

106*725 

106*793 

106*860 

106*928 

32 

106*995 

' 107*062 1 

107*128 

107*195 i 

107*261 

107-328 

107*394 

107*459 

107*525 

107*590 

33 

107*655 

1 107*741 1 

107*785 

107*849 

107*913 

107-977 

108*041 

108*105 

108*175 1 

108*238 

34 

108*301 

108-364 

108*427 

108*489 ^ 

108*551 

108-613 

108*675 

108*736 

108*798 * 

108*859 

35 

108*920 

108-980 

109*041 

109*101 

109*161 ' 

109-221 

109*281 i 

109*340 

109*400 1 

109*460 

86 

; 109*519 

109-578 

109*637 

109*695 

109*754 

109-813 

109*871 

109*929 

109*987 ; 

110*045 

37 

110*102 

110-159 

110*216 ! 

110*274 

110*350 

110-387 

110*444 

110*500 

110*556 

110*612 

38 

110*668 

110-724 

110*779 

110*834 

110*890 

110-945 

110*999 

111*054 

111*109 

111*163 

39 

40 

111*217 

111*750 

111-271 

111*325 

111*379 

111*432 

111-485 

111*538 

111*592 

111*645 1 

111*698 


•00 

•01 

*02 

•03 

•04 

•05 

•06 

•07 

■08 

.•09 ■ 
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Table for converting the densities of the charges of powder 
(.N.B.—l lb. of powder having a gravimetric density of I'O occupies a space of 


Density. Volumes. Density. Volumes. Density. Volumes. Density. Volumes. Density. Volumes. 



0-9887 1-0114 0-9852 

0-9646 1-0476 0-9513 

0-9228 1-0837 0-9197 

0-8930 1-1198 0-8902 

0-8651 1-1559 0-8624 

0-8389 1-1920 0-8364 

0-8142 1-2281 0-8118 

0-7910 1-2643 0-7887 

0-7690 1-3004 0-7669 

0-7482 1-3365 0-7462 

0-7285 1-3727 0-7266 

0-7098 1-4088 0-7080 

0-6921 1-4449 0-6904 

0-6752 1-4810 0-6736 

0-6591 1-6171 0-6576 

0-6438 1-5533 0-6423 

0-6292 1-5894 0-6277 

0-6152 1-6256 0-6138 

0-6018 1-6617 0-6005 

0-6890 1-6977 0-5878 

0-5768 1-7337 0-5756 


1-8422 0-5418 


1-9867 0-6024 


0-4935 2-0264 


0-4773 2-0961 

0-4692 2-1313 

0-4614 2-1^73 



0-9817 

1*0186 

0*9782 1 

1*0222 

0-9481 

1*0548 

0-9448 

1*0584 

0-9167 

1-0909 

0-9137 

1-0945 

0-8873 

1-1270 

0*8845 

1*1306 

0-8598 

1*1631 

0*8571 

1*1667 

0-8339 

1*1992 

0-8314 

1*2028 

0-8095 

1*2353 

0*8071 

1*2389 

0-7865 

1*2715 

0-7842 

1-2752 

0*7648 

1*3076 

0-7626 

1-3113 

0-7442 

1*3437 

0-7422 

1-3473 

0-7247 

1*3799 

0-7228 

1-3835 

0-7062 

1-4160 

0*7044 

1-4196 

0-6887 

1*4521 

0-6869 

1-4558 

0*6719 

1*4883 

0-6703 

1-4919 

0*6560 

1*5243 

0*6545 

1-5279 

0*6408 

1-5605 

0*6393 

1*5641 

0*6263 

1-5967 

0-6249 

1*6003 

0-6125 

1*6327 

0*6111 

1*6364 

0*5992 

1-6689 

0-5979 

1-6725 

0-5865 

1*7049 

0-5853 

1-7085 

0-5744 

1-7409 

0-5732 

1*7446 

0-5627 

1*7771 

0*5615 

1-7808 

0-5515 

1-8132 

0*5504 

1-8169 

0*5407 

1*8495 

0-5396 

1-8531 

0*5303 1 

1*8856 

0-5293 

1*8893 

0*5204 

1*9216 

0-5194 

1*9253 

0*5108 

1*9578 

0-5098 

1-9614 

0-5015 

1-9940 

0-5006 

1-9976 

0-4926 

2*0300 

0-4917 

2-0336 

0*4839 

2*0662 

0-4831 

2-0698 

0*4757 

2*1022 

0-4749 

2*1059 

0*4676 

2*1385 

0-4668 

2*1421 

0*4599 

2*1745 

0*4591 

2*1782 


Beiisity. 

Volumes. 

1*2359 

•8091 

1*1831 

' *8452 

1*1346:, 

•8814 

1*0899 

- . *9175 

1*0486 

*9536 

1*0104 

*9897 

0*9748 

1-0258 

0-9416 

1*0620 

0-9107 

1*0981 

0-8817 

1*1342 

0 8544 

1*1704 

0 8289 

1*2064 

0*8048 

1*2425 

0-7820 

1-2788 

0-7605 

1-3149 

0-7402 

1*3510 

0-7209 

1-3871 

0-7026 

1*4232 

0*6852 

1*4594 

0-6687 

1-4954 

0*6529 

1-5316 

0-6379 

1-5677 

0-6235 

1-6039 

0-6098 

1-6400 

0*5966 

1-6761 

0-5840 

,1*7121 

0-5720 

1-7483. 

0-5604 

1-7844 

0*5493 

1-8205 

0-5386 

1-8567, 

' 0-5283 

1-8929 

0-5184 

1-9290 

0*5089 

1*9650 

0-4997 

2-0012 

0-4909 

2-0372 

0*4823 

2-0734 

0-4740 

2-1096 

0-4661 

2-141)7 

0-4583 

2-1819 
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expressed in cubic inches per IK into grammetrie densities. 


27*084 cubic inches, wliicb is equal to tlie density of water at 0° Centigrade.) 



, *6 

•7 

*8 


Cubic 

Density. 

Volumes. 

Density. 

Volumes. 

Density, 

Volumes. 

Density, 

Volumes. 

Density. 

Volumes. 

Inches. 

1*2304 

-8127 

, 1*2250 

•8163 

1*2196 

*8199 

1*2142 

•8235 

1*2089 

-8272 

22 ■ 

1-1780 

*8489 

1-1730 

• 85 S 5 

1*1681 

*8561 

1*1632 

•8597 

1*1583 

-8633 

„ 23 

1*1300 

•8850 

1*1254 

•8886 

1*1209 

•8922 

1*1163 

•8958 

1*1118 

•8994 

■24 

1*0856 

*9211 

1*0814 

•9247 

1-0772 

•9283 

1-0730 

•9319 

1*0689 

■9355 

25 

1-0447 

-9572 

1*0408 

•9608 

f -0369 

•9644 

1*0330 

•9681 

1*0291 

-9717 

26 

1-0067 

•9933 

1*0031 

•9969 

0*9995 

1*0005 

0*9959 

1*0041 

0*9923 

1-0078 

27 

0-9714 

1*0294 

0*9680 

1*0331 

0*9646 

1-0367 

0*9613 

1*0403 

0-9579 

1*0440 

28 

0*9384 

1*0656 

0*9353 

1*0692 

0*9321 

1-0728 

0*9290 

1-0764 

0-9259 

1*0800 

29 

0-9077 

1-1017 

0*9047 

1*1053 

0*9018 

1*1089 

0*8988 

1*1126 

0*8959 

1*1162 

30 

0-8789 

1-1378 

0*8761 

1*1414 

0*8733 

1*1450 

0-8706 

1*1486 

0*8678 

1*1523 

31 

0*8518 

1-1740 

0*8492 

1-1776 

0-8466 

1*1812 

0*8440 

1*1848 

0*8415 

1-1884 

32 

0*8264 

1*2101 

0*8239 

1-2737 

0*8215 

1-2173 

0*8191 

1*2209 

0*8166 

1*2245 

33 

0*8024 

1*2462 

0*8001 

1*2498 

0*7978 

1*2534 

0-7965 

1*2571 

0-7932 

1*2607 

34 

0-7798 

1*2824 

0*7776 

1*2860 

0-7755 

1*2896 

0-7733 

1*2932 

0-7711 

1*2968 

35 

0^7 m 

1*3185 

0*7564 

1*3221 

0*7543 

1-3257 

0*7523 

1*3293 

0-7502 

1*3329 

36 

0-7382 

1*3546 

0-7363 

1*3582 

0-7343 

1*3618 

0-7324 

1*3654 

0-7304 

1*3691 

37 

0*7191 

1-3907 

0-7172 

1*3943 

0-7153 

1*3979 

0-7135 

1*4015 

0-7117 

1*4051 

38 

0*7009 

1*4268 

0*6991 

3 *4304 

0-6973 

1*4341 

0*6955 

1-4377 

0*6938 

1*4413 

39 

0-6885 

1*4630 

0*6819 

1*4666 

0*6802 

1-4702 

0-6785 

1*4738 

0*6769 

1*4774 

40 

0*6671 

1*4990 

0*6655 

1*5026 

0*6639 

1*5063 

0*6623 

1 *5099 

0*6607 

1*5135 

41 

0*6514 

1*5352 

0*6499 

1*5388 

0*6483 

1 1*5425 

0*6468 

1*5461 

0*6453 

1*5497 

42 

0*6364 

1*5713 

0*6349 

1*5750 

0*6335 

■ 1*5786 

0*6320 

1*5822 

0*6306 

1*5858 

43 

0*6221 

1*6075 

0*6207 

1*6111 

0*6193 

1*6147 

0*6179 

1*6183 

0*6166 

1*6219 

44 

0*6084 

1*6436 

0*6071 

1*6472 

0*6058 

1*6508 

0*6045 

1*6544 

0*6031 

1*6581 

45 

0*5954 

1*6797 

0*5941 

1*6833 

0*5928 

1*6869 

0*5915 

1*6905 

0*5903 

1*6941 

46 

0*5828 . i 

1*7157 

0*5816 

1*7193 

0*5804 

1*7229 

0*5792 

1*7265 

0*5780 

1*7301 

47 

0*5708 

1*7519 

0*5696 

1*7555 

0*5685 

1*7591 

0*5673 

1*7627 

0*5661 

1*7663 

48 

0*5593 

1*7880 

0*5581 

1*7917 

0*5570 

1*7953 

0*5559 

1*7989 

0*5548 

1*8025 

49 

0*5482 

1*8242 

0*5471 

1*8278 

t 0*5460 

1*8314 

0*5450 

1*8350 

0*5439 

1*8386 

50 

0*5376 

1*8603 

0*5365 

1*8639 

0*5355 

1*8675 

0*5344 

1*8712 

0*5334 

1*8748 

51 

0*5273 

1*8965 

0*5263 

1*9001 

0*5253 

' 1*9037 

0*5243 

1*9073 

0*5233 

1*9109 

. 52 

0*5174 

1*9326 

0*5165 

1*9362 

0*5155 

1*9398 

0*5146 

1*9434 

0*5136 

1*9470 

^53'. ■■ 

0*5080 

1*9686 

0*5070 

1*9723 

0*5061 

1*9759 

0*5052 

1*9794 

0*5043 

1*9830 

54 

0*4988 

2*0048 

^ 0*4979 

2*0084 

0*4970 

2*0121 

0*4961 

2*0157 

0*4952 

2*0193 

55 

0*4900 

2*0408 

0*4891 

2*0445 

0*4882 

2*0481 

0*4874 

2*0517 

0*4865 

2*0554 . 

56 

0*4815 , 

2*0770 

0*4806 

2*0806 

0*4798 

2*0842 

0*4790 

2*0878 

0*4781 

2*0915 

57 

0*4732 

2*1138 

^ 0*4724 

2*1169 

0*4716 

2*1204 

0*4708 

2*1240 

0*4700 

2*1277 

58 

0*4653 

2*1493 

0*4645 

2*1529 

0*4637 

2*1565 

0*4629 

2*1601 

0*4622 

2*1687 

59 

0*4576 

2*1855 

0*4568 

2*1891 

0*4561 

2*1927 

0 * 455 a 

2*1963 

0 * 4^6 

2*1999 

60 
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Table for converting the densUm of the charges of poicder 


Cubic 

*0 


*1 


•2 

•£ 

' ' ■ 

■ ■ *4 

' ' 

iBches. 

Density. 

Volumes. 

Density. 

Volumes. 

Density. 

Volumes. 

Density. 

Volumes. 

Density. 

Volumes. 

61 

0-4538 

2*2035 

0*4531 

2-2071 

0*4523 

2*2108 

0^516 

2*2144 

0*4509 

,2*2180 

62 

0*4465 

2*2396 

0*4458 

2*2432 

0*4451 

2-2467 

0*4444 

2*2503 

0-4437 

2*2640 

63 

0*4394 

2-2758 

0-4387 

2-2795 

0*4380 

2*2831 

0-4373 

2-2867 

0*4366 

2*2903 ■■ 

64 

0*4326 

2*3118 

0*4319 

2*3154 

0*4312 

2-3191 

0*4305 

2-3227 

0*4299 

2*3263 

65 

0*4259 

2*3479 

0*4253 

2*3515 

0*4246 

2*3651 

0*4240 

2-3587 

0*4238 

2*3624 

66 

0*4194 

2*3843 

0*4188 

2-3879 

0*4182 

2*3914 

0-4176 

2*3950 

0*4169 

2*3986 

67 

0*4132 

2*4201 

0-4126 

2-4237 

0*4120 

2-4274 

0*4114 

2*4310 

0-4107 

2-4347 

68 

0-4071 

2*4564 

0*4065 

2*4600 

0*4059 

2-4637 

0*4053 

2-4673 

0-4047 

2-4709 

69 

0*4012 

2*4925 

0*4006 

2*4961 

0*4000 

2-4997 

0*3995 

2*5033 

0*3989 

2*5069 

70 

0*3954 

2-5287 

0*3949 

2*5323 

0*3943 

2*5359 

0*3938 

2*5395 

0*3932 

2*5431 

71 

0*3899 

2-5647 

0*3894 

2-5683 

0*3888 

2*5719 

0*3883 

2-6766 

0-3877 

2-5791 

72 

0*3845 

2*6008 

0*3839 

2*6045 

0*3834 

2*6081 

0*3829 

2-6117 

0*3824 

2*6153 

73 

0-3792 

2*6369 

0-3787 

2*6405 

0-3782 

2*6441 

0-3777 

2-6477 

o-m2 

2*6514 

74 

0-3741 

2*6730 

0*3736 

2-6766 

0-3731 

2*6802 

0-3726 

2*6838 

0-3721 

2-6876 

75 

0*3691 

2*7093 

0*3686 

2-7129 

0*3681 

2-7165 

0-8676 

2-7201 

0-3672 

2-7236 

76 

0*3643 

2*7453 

0*3638 

2-7489 

0*3633 

2-7525 

0*3628 

2-7561 

0*3624 

2-7697 

77 

0*3595 

2*7814 

0*3591 

2*7850 

0*3586 

2-7886 

0*3581 

2*7922 

0-3577 

2-7968 

78 

0*3549 

2*8174 

0*3545 

2*8210 

0*3540 

2*8246 

0*3536 

2*8282 

0*3531 

2*8318 

79 

0*3504 

2*8535 

0*3500 

2*8571 

0*3495 

2-8607 

0*3491 

2*8643 

0*3487 

2*8679 

80 

0*3461 

2*8896 

0*3456 

2*8933 

0*3452 

2*8969 

0*3448 

2*9005 

0*3443 

2*9041 

81 

0*3418 

2*9258 

0*3414 

2*9294 

0*3409 

2*9331 

0*3405 

2*9367 

0*3401 

2*9403 

82 

0*3376 

2*9620 

0*3372 

2*9656 

0*3368 

2*9692 

0*3364 

2*9728 

0*3360 

2*9764 

83 

0*3335 

2*9981 

0*3331 

3*0017 

0*3327 

3*0053 

0*3323 

3*0090 

0*3319 

3*0126 

84 

0*3296 

3*0342 

0*3292 

3*0379 

0*3288 

3*0415 

0*3284 

3*0451 

0*3280 1 

3*0487 

85 

0*3257 

3*0704 

0*3253 

3*0741 

0*3249 

3*0777 

0*3245 

3*0813 

0*3242 

3*0849 

86 

0*3219 

3*1065 

0*3215 

3*1101 

0*3212 

3*1137 

0*3208 

3*1173 

0*3204 

3*1209 

; 87 

0*3182 

3*1425 

0*3178 

3*1461 

0*3175 

3*1497 

0*3171 

3*1533 

0*3168 

3*1569 

88 

0*3146 

3*1787 

0*3142 

3*1823 

0*3139 

3*1859 

0*3135 

3*1895 

0*3132 

3*1931 

89 

0*3110 

3*2149 

0*3107 

3*2185 

0*3103 

3*2221 

0*3100 

3*2257 

0*3096 

3*2293 

90 

0*3076 

3*2510 

0*3072 

3*2546 

0*3069 

3*2582 

0*3066 

3*2618 

0*3062 

3*2654, 

91 

0*3042 

3*2871 

0*3039 

3*2907 

0*3035 

3*2943 

0*3032 

3*2979 

0*3029 

3*3015 

92 

0-3009 

3*3232 

0*3006 

3*3268 

0*3003 

3*3304 

0*2999 

3*3341 : 

0*2996 

3*3377 

93 

0*2977 

3 *3t)93 

0*2974 

3*3629 

0*2970 

3*3665 

0*2967 

3*3701 

0*2964 

3*3738 

94 

0*2945 

3*3955 

0*2942 

3*3991 

0*2939 

3*4027 

0*2936 

3*4063 

0*2933 

3*4099 

95 

0*2914 

3*4316 

0*2911 

3*4352 

0*2908 

3*4388 

0*2905 

.3*4424 

0*2902 

3*4460 

96 

;0,*2884 

3*4677 

0*2881 

3*4713 

0*2878 

3*4749 

0*2876 

3*4785' 

0*2872 

3*4822 

97 

0*2854 

3*5038 

0*2851 

3*5074 

0*2848 

3*5111 

0*2845 

3*5147 

0*2842 

,3*5183 

98 

0*2825 

3*5400 

0*2822 

3*5436 

0*2819 

3*5472 

0*2816 

3*5508 

0*2813 

3*5544 

99 

0*2796 

3 •5761 

0*2794 

3*5797 

0*2791 

3*5833 

0*2788 

3*5869 

0*2785 

3*5905 
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expressed in euhie inches per lb, into gravimetrio continued. 


•■*6 


, *6 


•7 


•8 


*8 


Cubic 

Density. 

Volumes. 

Density. 

Volumes, 

Density. 

Volumes. 

Density. 

Volumes. 

Density. 

Volumes. 

Iiicbes. 

0-4501 

2-2216 

0*4494 

2-225S 

0*4487 

2-2288 

0*4480 

2*2324 

0-4472 

2*2360 

61 

0-4429 

2-2577 

0*4422 

2*2614 

0*4415 

2*2650 

0*4408 

2*2686 

0*4401 

2-2722 

62 . 

0-4360 

■2*2938 

0-4353 

2-2974 

0-4846 

2-3010 

0-4339 

2-3047 

0-4332 

2*3083 

63 

0*4292 

2*3299 

0-4285 

2-3335 

0**4279 

2-3371 

0-4272 

2-3407 

0-4266 

2*3443 

64 

0-4227 

2-3660 

0*4220 

2-8697 

0*4214 

2-3733 

0-4207 

2-3770 

0*4201 

2*3806 

65 

0-4163 

2 -4021 

0-4157 

2-4057 

0*4151 

2*4093 

0*4144 

2*4130 

0*4138 

2*4166 

66 

0*4101 

2-4384 

0*4095 

2-4420 

0*4089 

2-4456 

0-4083 

2*4492 

0-4077 

2-4528 

67 

0-4041 

2-4745 

0*4035 

2-4781 

0-4030 

2-4817 

0-4024 

2*4853 

0-4018 

2*4889 

68 

0-3983 

2-5105 

0-3977 

2-5141 

0-3972 

2-5177 

0*3966 

2*5214 

0-3960 

2*5251 

69 

0-3927 

2-6467 

0-3921 

2*5503 

0*3916 

2-5539 

0-3910 

2*5575 

0-3905 

2*5611 

70 

0-3872 

2-6827 

0*3866 

2-5863 

0*3861 

2-5899 

0*3856 

2*5935 

0-3850 

2*5972 

71 

0-3818 

2-6189 

0-3813 

2*6225 

0-3808 

2-6261 

0*3803 

2-6297 

0-3797, 

2*6333 

72 

0-3767 

2-6550 

0-3761 

2-6586 

0-3756 

2-6622 

0-8751 

2*6658 

0-8746 

2*6694 

73 

0-3716 

2*6911 

0-3711 

2-6947 

0-3706 

2-6983 

0-3701 

2-7020 

0-3696 

2-7066 

74 

0-3667 

2-7272 

0-3662 

2-7308 

0-8667 

2-7344 

0*3652 

2-7381 

0-3647 

2-7417 

75 

0-3619 

2-7633 

0*3614 

2-7669 

0-3609 

2-7706 

0*3605 

2-7742 

0*3600 

2-7778 

76 

0-3572 

2-7994 

0-3568 

2-8030 

0-3563 

2-8066 

0*3558 

2-8102 

0*3554 

2*8138 

77 

0-3527 

2*8354 

0*3522 

2*8390 

0-3618 

2-8425 

0-8518 

2*8462 

0*3509 

2*8498 

78 

0-3482 

2-8716 

0-3478 

2*8752 

0-3474 

2-8788 

0*3469 

2-8824 

0-3465 

1 2-8860 

79 

0-3439 

2-9077 

0-3435 

2*9114 

0-3430 

2-9150 

0*3426 

2-9186 

0-3422 

2*9222 

80 

0-3397 

2*9439 

0-3393 

2*9475 

0-3388 

2*9512 

0*3384 

2*9548 

0*3380 

2-9584 

81 

0*3356 

2*9800 

0*8352 

2*9836 

0*3348 

2-9873 

0-3343 

2-9910 

0*3339 

2-9946 

82 

0-3315 

3-0162 

0-3311 

3*0198 

0-3308 

3-0234 

0-3304 

3-0270 

0*3300 ' 

3*0306 

83 

. 0-3276 

3-0523 

0-3272 

3*0560 

0-3268 

3-0596 

0*3265 I 

3-0632 

0*3261 

3*0668 

84 

0-3238 

3-0885 

0*3234 

8*0921 

0*3230 

3-0957 

0*3227 

3*0993 

0*3223 

3-1029 i 

85 

0*3200 

3-1245 

0*3197 

3*1281 

0-3193 

3-1317 

0*3189 

3*1353 

0*3186 

3-1389 

86 

0-3164 

3*1606 

0*3160 

3*1642 

0-3157 

3-1678 

0*3153 

3*1715 

0*3149 

3-1751 

87 

0-3128 

3*1967 

0*3125 

3*2003 

0-3121 

i 

3-2039 

0*3118 

3*2076 

0*3114 

3-2112 

88 

0*3093 

3*2329 

0*3090 

3*2365 

0-3086 

3*2401 

0*3083 

3*2438 

0*3079 

3-2474 

89 

0-3059 

3-2690 

0*3056 

3*2727 

0-3052 

3-2763 

0*3049 

3*2799 

0*3045 

3-2835 

90 

0*3025 

3*3051 

0*3022 

3*3088 

0-3019 

3*3124 

0*3016 

3*3160 

0*8012 

3*3196 

91 

0*2993 

3-3413 

0*2990 

3*3449 

0*2986 

3-3485 

0*2983 

3*3521 

0*2980 

3*3557 

92 

0-2961 

3-3774 

0*2958 

3*3810 

0-2955 

3-3846 

0*2951 

3*3882 

0*2948 

3*3918 

93 

0*2930 

3*4135, 

0*2926 

3*4171 

0*2923 

3-4207 

0*2920 

3*4244 

0*2917 

3*4280 

94 

0*2899 

3-4496 

0*2896 

3*4533 

0*2893 

3-4569 

0*2890 

3*4605 

0*2887 

3*4641 

95 

0*2869 

3-4858 

0-2866 

3*4894 

0*2863 

3-4930 

0*2860 

3*4966 

0*2857 

3*5002 

96 

0*2839 

3-6219 

0*2836 

3*5255 

0*2833 

3*5291 

0*2831 

3*5327 

0*2828 

3*5363 

97 

0-2810 

3*5580 

0*2807 

3*5616 

0*2804 

3-5652 

0*2802 

3*5688 

0*27^9 

3*5725 

98 

0*2782 

3-5941 

0-2780 

3*5977 

0*2777 

3*6014 

0*2774 

3*6050 

0*2771 

3*6086 

99 
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TahU for converting the densities of the charges of powder 


Cubic 

•0 


•1 


*2 


i ^ ' ■ 

*4 ' 

Indies. 

Density. 

Volumes. 

Density. 

Volumes. 

Density . 

Volumes. 

Density. 

Volumes. 

Density, 

VolUTnes. 

100 

0-2768 

3-6122 

0-2766 

3-6158 

0-2763 

3*6194 

ff -2760 

3-6230 

0-2757 

3-6266 

101 

0-2741 

3-6483 

0-2738 

3-6519 

0-2736 

3*6555 

0-2733 

3-6692 

0-2730 

3-6628 

102 

0-2714 

3-6844 

0-2711 

3*6881 

0-2709 

3-6917 

0*2706 

3*6953 

0-2704 

3-6989 

103 

0-2688 

3-7206 

0*2685 

3-7242 

0*2683 

3-7278 

0*2680 

3-7314 

0-2677 

3-7350 

104 

0-2662 

3-7667 

0-2659 

3-7603 

0-2667 

3-7639 

0-2154 

3-7675 

0-2652 

3-7711 

105 

0-2637 

3-7928 

0-2634 

3-7964 

0*2632 

3-8000 

0-2629 

3*8036 

0-2627 

3-8073 

106 

0-2612 

3*8289 

0-2609 

3*8325 

0-2607 

3-8361 

0-2604 

3-8397 

0-2602 

3 - 8434 . 

107 

0-2587 

3*8650 

0-2585 

3*8687 

0*2582 

3-8723 

0-2580 

3-8759 

0-2578 

3-8795 

108 

0-2563 

3-9012 

0*2561 

3-9048 

0*2559 

3-9084 

0-2556 

3-9120 

0-2554 

3-9156 

109 1 

0-2540 

1 3-9373 

0-2537 

3*9409 

0*2535 

3*9445 

0-2533 

3-9481 

0*2531 

3*9517 

no 

0-2517 

3-9734 

0*2514 

3-9770 

0-2512 

3-9806 

0-2510 

3*9843 

0*2508 

3-9879 

111 

0-2494 

4-0095 

0-2492 

4*0131 ' 

0*2490 

4*0168 

0-2487 

4-0204 

0*2485 

4-0240 

112 

0-2472 

4*0457 

0-2470 

4*0493 

0-2467 

4-0529 

0-2465 

4-0565 

0*2463 

4-0601 

113 

0*2450 

4-0818 

0*2448 

4-0854 

0-2446 

4-0890 

0-2443 

4-0926 

0*2441 

4 •0962 

114 

0*2428 

4-1179 

0-2426 

4*1215 

0-2424 

4-1251 

0-2422 

4*1287 

0*2420 

4-1324 

115 

0-2407 

4-1540 

0*2405 

4-1576 

0-2403 

4-1612 

0-2401 

4*1649 

0-2399 

4-1685 

116 

0-2387 

4-1901 

0-2385 

4-1938 

0*2382 

4-1974 

0-2380 

4*2010 

0*2378 

4-2046 

117 

0-2366 

4-2263 

0*2364 

4-2299 

0*2362 

4-2335 

0-2360 

4-2371 

0*2358 

4-2407 

118 

0*2346 

4-2624 

0-2344 

4-2660 

0*2842 

4-2696 

0*2340 

4-2732 

0-2338 

4-2768 

119 

0*2326 

4-2985 

0-2324 

4*3021 

0*2322 

4-3057 

0-2320 

4-3093 ^ 

0-2319 

4*8129 

120 

0-2307 

4-3346 

0*2305 

4-3382 

0*2303 

4*3419 

0*2301 

4-3455 

0-2299 

4-3491 
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expressed in cubic inches per lb, into grmimetric densities’-^con^ixmd. 


, ' *6 



•7 


•8 


: •£ 

I.', . 

Gubic 

Density, 

Volumes. 

Density. 

Volumes. 

Density. 

Volumes. 

Density, 

Volumes. 

Density. 

Volumes. 

Inches. 

0*2755 

.3*6302 

0-2762 

3*6339; 

0*2749 

8-6375 

0*2746 

3*6411 

0-2744 

3-6447 

100 ! 

0-2727 

3*6664 

0*2725 

3-6700 

0-2722 

3-6736 

0-2719 

3-6772 

0-2717 

3*6808 

101 

0-2701 

3-7025 

0*2698 

3-7081 

0*2696 

3-7097 

0*2693 

3-7133 

0*2690 

3-7170 

102 

0*2675 

3-7386 

0-2672 

3-7422 

0*2669 

3-7458 

0-2667 

3-7495 

0*2664 

3-7631 

103 

0*2649 

3-7747 

0-2647 

3-7283 

0*2644 

3-7820 

0*2642 

3-7856 

0*2639 

3-7892 

104 . 

6*2624 

3*8109 

0*2622 

3*8145 

0*2619 

3*8181 

0-2617 

3-8217 

0*2614 

3*8253 

105 i 

0*2599 

3-8470 

0-2597 

3*8506 

0*2594 

3*8542 

0-2692 

3*8678 

0*2590 

3*8614 

106 ' 

0-2575 

3*8831 

0-2573 

3-8867 

0-2570 

3*8903 

0*2568 

3*8939 

0*2566 

3-8976 

107 i 

0*2552 

3*9192 

0*2549 

3-9228 

0*2546 

3*9265 

0*2544 

3*9301 

0*2542 

3-9337 

108 

0*2528 

3*9554 

0*2525 

3*9590 

0*2523 ' 

3-9626 

0*2521 

3*9662 

0*2519 

3*9698 

109 

0*2605 

3*9915 

0*2503 

3*9951 

0*2501 

3-9987 

0*2499 

4*0023 

0*2496 

4*0059 

110 

0*2483 

4*0276 

0*2481 

4*0312 1 

0*2478 

4-0848 

0*2476 

4*0384 

0*2474 

4*0420 

111 

0*2461 

4*0637 

0*2459 

4*0673 

0*2456 

4-0709 

0*2454 

4*0746 

0*2452 

4*0782 

112 

0*2439 

4*0998 

0*2437 

4*1035 

0*2435 

4-1071 

0*2433 

4*1107 

0*2431 

4*1143 

118 

0*2418 

4*1360 

0*2416 

4*1396 

0*2414 

4-1432 

0*2412 

4*1468 

0*2409 

4*1604 

114 

0*2397 

4-1721 

0*2395 

4*1757 

0*2393 

4-1793 

0*2391 

4*1829 

0*2389 

4*1865 

115 

0*2376 

4*2082 

0*2374 

4*2118 

0*2372 

4-2154 

0*2370 

4*2190 

0*2368 

4*2227 

116 

0*2356 

4*2443 

0*2354 

4*2479 

0*2352 

4-2516 

0*2350 

4*2552 

0*2348 

4*2588 

117 

0*2336 

4*2805 

0*2334 

4*2841 

0*2332 

4-2877 

0*2330 

4*2913 

0*2328 

4*2949 

118 

0*2317 

4*3166 

0*2315 

4*3202 

0*2313 

4-3238 

0*2311 

4*3274 

0*2309 

4*3310 

119 

0*2297 

4*3527 

0*2295 

4*3563 

0*2294 

4-3599 

0*2292 

4*3635 

0*2290 

4*3671 

120 
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PEELIMINAEY NOTE OF THE PEESSUEE DEVELOPED 
BY SOME NEW EXPLOSIVES 

{Proceedings of the Boyal Society, 1892.) 

For a coBsiderable time I have, with the assistance of Sir F. Abel 
and Professor Dewar, been engaged in researches upon the new 
explosives which during the last few years have attracted so much 
attention, and which apparently are destined to do much in develop- 
ing the power of modern artillery. 

From the nature of these researches and the considerable scale 
upon which they have to be conducted, as well as from certain 
difficulties which have manifested themselves, I am not at present 
in a position to submit to the Eoyal Society the results of these 
experiments; but, as one particular portion throws light upon a 
<j_uestion of considerable importance, D propose very shortly to give 
the results at which I have arrived, leaving fuller details for a 
subsequent communication. 

Artillerists of all nations are pretty well agreed that, save under 
exceptional circumstances, the maximum working pressure in a gun 
should not exceed 17 tons per square inch or, say, 2500 atmospheres. 
The reasons for this limitation are weighty, but I need not here 
discuss them. Ifow, taking cordite and pebble-powder as illustra- 
tions, since we can, even in guns not designed to fire the former 
explosive, obtain with the same maximum pressure, energies higher 
than those obtained with pebble-powder by nearly 50 per cent., it 
is obvious that this extra energy must be obtained from the develop- 
ment of higher pressures in the forward portions of the guns, and 
it naturally became a question of considerable importance to 
determine over what surface these higher pressures extended, and to 
ascertain if they in any serious degree affected the safety of the ehasa 

At Woolwich, to settle this point, certain guns were prepared in 
which crusher-gauges were placed at various points along the bore, 
and results were obtained to which I shall presently more 



PRESSURE 'DEVELOPED BY.SOME NEW. EXPLOSIVES 463 

pai4iciilarly allude ; blit, considerable doubt having been thrown on 
the reliability of these crusher-gauges, I considered it desirable in 
a inatter of so great iniportance to ascertain the pressures by 
altogether independent means, and thus either confirm the crusher- 
gauge results, or, if the two sets of results should prove to be not 
altogether in accordance, to throw some light upon the causes of 
shell discrepancies asbmiglit exist. 

The crusher-gauge is, to those who interest themselves with such 
subjects, so well known, that I shall not attempt here to describe 
it, and I will only say that I have very great confidence in the 
accuracy of its results when properly used. Personally I have 
during the last twenty-five years made many thousand observations 
with these gauges, and when properly prepared and judiciously used, 
not only have I found their results accordant mter but I have 
by totally different determinations corroborated their accuracy. 
But I have always held that this gauge and all similar gauges will 
cease to be either reliable or accurate if there be any probability 
of the products of explosion being projected into the gauge at a 
high velocity, the energy stored up in such products being impressed 
on the gauge in the form of pressure, and this contingency might 
and does arise either when the gauge is placed in the forward p)art 
of a gun, where necessarily the products are in rapid motion, or in 
the case of the detonation of a high explosive ; but, as I have gone 
pretty fully into this question elsewhere, I need not here pursue 
the subject further. 

The crusher-gauge determinations for cordite, made at Woolwich 
for the Explosives Committee, under the presidency of Sir F. Abel, 
having been made in a 4*7-inch quick-firing gun, I arranged a 
similar gun in such a manner that I was able to obtain a curve 
determined from the time at which the j)rojectile passed sixteen 
points arranged along the bore. From this curve, by methods I 
have elsewhere described, the curve giving the velocity at all points 
of the bore can be deduced, and from the curve of velocity the 
pressures generating these velocities can also be deduced. 

For the particular purpose of this investigation it was desirable 
to compare the pressures of different explosives, and the present 
note gives the result of four explosives differing widely in nature 
and in composition. 

The explosives used were as follows; — 

a. Ordinary pebble-powder of the service. A charge of 12 lbs., 
was used ; this charge gave rise to a mean pressure of 16*9 tons per 
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square Jiioh (maximum, 16-8;. ■■minimum, 14*9), or a „ mean of ,2424 
atmospheres .(maxiimim,-. 2566 ; minimum, 2277) as .determined, by 
the crusher-gauge in. the powder ehamber. It .gave to, a 454b. 
,projeetile a mean mmzlQ velocity of 1839 feet per second, thus 
developing a muzzle energy, of 1055 foot-tons. , A, gramme of pebble- 
.powder, at a , temperature of . 'O'" „ Cent, and a barometric pressure 
of 760 innu... generates. 280 c.c..,- of permanent gas,, and develops 
720' .grni.-uiiits .,of heat. ■ 

5. Amide powder, consisting of 40 pej cent, of potassic nitrate, 
38 per cent, of ammonia nitrate, and 22 per ceni. of charcoal. The 
charge in this case was 10 lbs. 8 oz., and the mean crusher-gauge 
pressure was 15*3 tons per square inch (maximum, 16*4; minimum, 
14*2), or a mean of 2332 atmospheres (maximum, 2500 ; minimum, 
2165) ; the muzzle velocity with the same projectile was 2036 feet 
per second, and the muzzle energy 1293 foot-tons. A gramme of 
amide powder generates' 400 c.c. ,of permanent gases, and,.. develops 
821 units of ' heat. , 

. . <?. Ballis tite. ■ , W ith ■ this true smokeless powder , the charge wa s 
reduced to 5 lbs. 8 oz., the sides of the cubes being 0*2 inch. The 
mean crusher-gauge pressure was 14*3 tons per square inch 
(maximum, 14*6 ; mininium, 14*1), or a mean of 2180 atmospheres 
(maximnm, 2210 ; minimum, 2142). The muzzle velocity was 
2140 feet per second, and the muzzle energy 1429 foot-tons. A 
gramme of ballistite generates 615 c.c. of permanent gases, and 
gives rise to 1365 grm.-units of heat 

d. With the fourth explosive, cordite, a charge of 5 lbs. 10 oz. 
of 0*2 inch diameter was fired. The mean chamber crusher-gauge 
pressure was 13*3 tons per square inch (maximum, 13*6 ; mininium, 
12*9)y or a mean of 2027 atmospheres (maximum, 2070; miiiiinum, 
1970). The muzzle velocity was 2146 feet per second, and the 
muzzle energy 1437 foot-tons. A gramme of cordite generates 
700 c.c. of permanent gases at O'" Cent and 760 mm. of barometric 
pressure. The quantity of heat developed is 1260 grm.-miits. 
In the ease of this explosive, as well as in that of ballistite, a 
considerable quantity of aqueous vapour has to be added to the 
permanent gases. 

The results of these observations are graphically given in the 
figure (coloured diagram, p. 466). The ordinates show both the 
positions at which the pressures were daterinined and the magnitudes 
of these pressures. On the axis of abscissae is shown the travel of the 
shot in feet. 
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Each curve is deduced from the mean of three ^ complete rounds, 
that is to say, three rounds with the breech and three with the 
muzzle plugs, or six in all 

In the calculation of the pressures, it is assumed that before and 
after the complete ignition of the explosive the pressures will 
uniformly increase and then uniformly decrease, following the laws 
regulating the relatfon between the pressure and volume when 
permanent gases are permitted to expand with production of work. 

It is in the highest degree improbable that in any experiment 
is this assumption §trictly true. In the case of “ brisante powders, 
and of high explosives which can be detonated, we know that even 
in moderately-sized chambers there are wide variations in pressure; 
and even when there is comparatively slow combustion, as with 
ballistite and cordite, it appears probable that the generation of a 
considerable quantity of the gases may take place in different portions 
of the bore, giving rise to a corresponding difference in the pressure, 
and it may be that a portion of the discrepancies of the crusher- 
gauge when placed in forward positions in the bore, to which I shall 
presently allude, are due to this cause. 

But such irregularities would not very seriously alter the curves 
shown in the figure. The areas included between the final ordinate, 
the curve, and the axis of abscissae, being the total energy impressed 
on the projectile, would of course remain unaltered ; but the curves, 
instead of the regular figure there shown, would have a wavy outline, 
and would show several maxima and minima. These irregularities 
of pressure are of no appreciable importance when the strength of 
the gun, in a radial direction, is considered. 

From the same plate can be at once obtained the pressures for 
the four explosives at any point of the bore ; but for the purpose of 
applying these results to other guns, I give in the annexed table 
(p. 466) for different densities of the products of explosion (1) the 
pressure which has been determined in a closed vessel, (2) the pres- 
sure at the same density which has been found to exist in the bore 
of the 4*7“inch gun where the gases have been expanded, doing 
work on the projectile. 

It must be understood that the differences existing between the 
close-vessel pressures and the pressures observed in the bore at the 
higher gravimetric densities are, in great measure, due to the explosive 

* Since these experiments were carried out, a second set of induction coils has 
been added, so that a single round gives simultaneously the times both at the 
breech and the muzzle plugs. 
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9 ,t these densities not being fully consumed. An examination of the 
results obtained would lead to the conclusion that with tho particular 
size of cordite employed tolerably complete combustion cannot be 
assumed to have taken place until the projectile has travelled some 
6 of 7 feet through the bore. Indeed, if the size of cordite fired in 

Comparison of pressures in dosed mssel with those in 4:h74neh qukkrfirmc/ gmi. 


Peeble Powder. 

Amide I^owder, 


Pressnre. 

« 

Density. 

•Pressure.. 

Density. 

In closed 
vessel.* 

In gun. 

In closed 
vessel. 

In gun. 

0*65 

17-68 

15*82 




0'60 

15*55 

14*55 




0*55 

13*62 

11*84 

0*55 

25*50 

15*50 

0‘50 

11*85 

9*31 

0*50 

22*00 

18-76 

0*45 

10*23 

8*12 

0*45 

19*10 

12*10 

0-40 

8-73 

7*00 

0*40 

16*50 

10-00 

0'35 

7*35 

6*11 

0*35 

14*00 

8*34 

0‘S0 

6-07 

6*21 

0*30 

11*90 

7*05 

0-25 

4*88 

4*20 

0*26 

9*80 

6-88 

0-20 

3*77 

2*95 

0*20 

7-75 

4*55 „ 

0U6 

2-73 

1*82 

0*15 

5*00 

3*10 

0*10 

1-76 

0-70 

0*10 

3*55 

1*32 

Ballisfcite. 

Cordite. 

0*26 

20*80 

13*45 

0*26 

21-75 

12-60 

0*24 

19*00 

12-70 

0*24 

19*80 

11*95 

0*22 

17*10 

11*83 

0*22 

17-90 

11*28 

0*20 

15*30 

10-77 

0*20 

16*00 

10*60 

0*18 

13*40 

9*75 

0*18 

14*20 

9*85 

0*16 

11-70 

8-70 

0*16 

12*30 

9*10 

0*14 

10*00 

7-50 

0*14 

10-50 

8*16 

0*12 

8*40 

6*52 

0*12 

8 ‘70 

7-08 

0*10 

6*60 

5*29 

0*10 

7-10 

0*70 

0*08 

5*00 

4*08 

0*08 

5*40 

4*01 

0*06 

3*50 

2-64 

0*06 

3*80 

2*33 

0*06 

2*80 

1*64 

0*05 

3*00 

1*57 


* Phil, Tmjw., part i., 1875, p. 129. 


this guix he even slightly increased, a portion of the cordite is blown 
from the muzzle unburned, and it is one of the most striking proofs 
of the regular combustion of the explosive that in all such recovered 
cordite the diameter is so uniformly decreased that it might readily 
be mistaken for newly-manufactured cordite of smaller dimensions. 

I now make a comparison between the pressures given by cordite, 
as shown on curve B (see coloured diagram on opposite page), and 
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those obtained from cnisher-ganges. To facilitate this comparison 
I have added to the pressure curves I have described a curve showing 
the pressures developed by cordite when fired in a close vessel, and 
I have further added the results of five rounds of cordite fired for 
the Explosives Committee in the crusher-gauge gun, the pressure of 
each individual round at each point of observation being indicated. 

The sample of cordite used in these experiments was not of the 
same make as that employed in my own. The pressures given on the 
axis of 2 / denote those taton m the powder chamber, and are compar- 
able with the cru«her-gaiige pressures I have given as derived from 
my own experiments. It will he observed that the mean chamber 
pressure indicated is two- or three-tenths of a ton higher than that 
I obtained; but it will be further observed that if I attempt to draw 
a pressure curve through the mean of the crusher-gauge observation, 
such curve would indicate pressures far higher than are necessary 
and sufficient to develop the work impressed on the projectile. 

Again, the pressures indicated after the projectile has moved 
1 foot are about 2 tons per square inch higher than those observed 
in the powder chamber, and it will be further noticed that not only 
are these observations, at all events at certain points, considerably 
too high, hut they exhibit in the forward part of the bore variations 
quite unknown when the pressures are taken in the powder chamber. 

Thus, in the particular experiments I am discussing, the mean 
pressure in the powder chamber being about 13*5 tons, the extreme 
variation in the five rounds amounts only to about I J tons per square 
inch, while the crusher-gauge placed in the chase at a point about 
8| feet from the seat of the shot, gave in the same number of rounds 
an extreme variation of 3 tons per square inch, the mean pressures 
being only about 4 tons ; and it will further be noted that, while some 
of the rounds indicated pressures below those deduced by the method 
I have described, other rounds at the same point indicated pressures 
even exceeding those which would have existed under the same gravi- 
metric densities in a close vessel. It may also be noted that from the 
crusher-gauge experiments, round 5 should have given the lowest 
muzzle energy of the series ; as a matter of fact it gave the highest. 

My conclusion, therefore, is that, although crusher-gauges placed 
in the chase may, and doubtless do, give valuable comparative results, 
they cannot be relied on for absolute determinations, unless confirmed 
by observations altogether independent in their nature. 
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EESEAEOHES ON EXPLOSIVES. PEELIMINAEY NOTE. 

{Proceedings of the Boyal Society ^ 1894.) 

The researches on which I, in conjunction with Sir F. Abel, have 
been engaged for very many years, have had their scope so altered 
and extended by the rapid advances which have been made in the 
science of explosives, that we have been unable to lay before the 
Society the results of the many hundreds of experiments under varied 
conditions which I have carried out. We are desirous also of clear- 
ing up some difficulties which have presented themselves with certain 
modern explosives when dealing with high densities and pressures ; 
but the necessary investigations have occupied so much time, that I 
am induced to lay a few of our results before the Society, trusting, 
however, that before long we may be able to submit a more complete 
memoir. 

A portion of our researches includes investigations into the trans- 
formation and ballistic properties of powders varying greatly in 
composition, but of which potassium nitrate is the chief constituent. 
In this preliminary note I propose to refer to powders of this 
description chiefly for purposes of comparison, and shall devote my 
attention principally to guncotton and to those modern explosives 
of which guncotton forms a principal ingredient. 

In determining the transformation experienced during explosion, 
the same arrangements for firing the explosive and collecting the 
gases were followed as are described in our earlier researches,^ and 
the gases themselves were, after being sealed, analysed either under 
the personal superintendence of Sir F. Abel, or of Professor Dewar, 
and to Professor Dewar’s advice and assistance I am indebted, I can 
hardly say to what extent. 

The heat developed by explosion, and the quantity of permanent 
gases generated were also determined as described in our researches^ 
but the amount of water formed plays so important a part in the 
* PUL Transit yol, clxv., p. 61 . 
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transfomiatioii that special means were adopted in order to obtain 
this product with exactness. 

The arrangement employed was as follows : — 

After explosion the gases formed were allowed to escape through 
two u -tubes filled with pumice-stone and concentrated sulphuric 
acid; when the gases had all escaped the explosion cylinder was 
opened, and the w^ater deposited at the bottom of the cylinder was 
collected in a sponge, placed in a closed glass vessel, and weighed. 
The cylinder was then nearly closed and heated, and a measured 
quantity of air was, by means of an aspirator, drawn slowly through 
the U -tubes till the cylinder was perfectly dry. This was easily 
ascertained by observing when moisture was no longer deposited on 
a cooled glass tube through which the air passed. 

The -U tubes were then carefully weighed, the amount of moisture 
absorbed determined, and added to the quantity of water directly 
collected. The aqueous vapour in the air employed for drying was, 
for each experiment, determined and deducted from the gross 
amount. 

Numerous experiments were made to ascertain the relation of the 
tension of the various explosives employed, to the gravimetric density 
of the charge when fired in a close vessel ; but I do not propose hero 
to pursue this part of our inquiry, both because the subject is too 
large to be treated of in a preliminary note, and because approximate 
values have already been published^ for several of the explosives 
with which we have experimented. 

With certain explosives, the possibility or probability of detona- 
tion was very carefully investigated. In some cases the explosive 
was merely placed in the explosion-vessel in close proximity to a 
charge of mercuric fulminate by which it was fired, but I found that 
the most satisfactory method of experiment was to place the charge 
to be experimented with in a small shell packed as tightly as possible, 
the shell then being placed in a large explosion-vessel and fired by 
means of mercuric fulminate. The tension in the small shell at the 
moment of fracture and the tension in the large explosion-vessel 
were in each experiment carefully measured. 

It may be desirable here to explain that I do not consider the 
presence of a high pressure with any explosive as necessarily denot- 
ing detonation. With both cordite and guncotton I have developed 
enormous pressures, close upon 100 tons per square inch (about 
15,000 atmospheres), but the former explosive I have not succeeded 

* liable. Internal BaUistics, 1892, p. 33; Boy, Soc. Proc, vol. liL, p. 128. 
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in detonating, while guncotton can be detonated with the utmost 
ease. It is obvious that if we suppose a small charge fired in a 
vessel impervious to heat, the rapidity or slowness of combustion will 
make no difference in the developed pressure, and that pressure will 
be the highest of which the explosive is capable, regard l>oiiig of 
course had to the density oif the charge. I say a small ehai’ge, 
because, if a large charge were in question, amb explosion took place 
with extreme rapidity, the nascent gases may give rise to such whirl- 
winds of pressure, if I may use the term, that any means we may 
have of registering the tension will show pressures very much higher 
than would be registered were the gases, at the same temperature, in 
a state of quiescence. I have had innumerable proofs of this action, 
but it is evident that in a very small charge the nascent gases will 
have much less energy than in the case of a large charge occupying 
a considerable space. 

The great increase in the magnitude of the charges fired from 
modern guns has rendered the question of erosion one of great 
importance. Few, who have not had actual experience, have any 
idea how rapidly with very large charges the surface of the bore 
is removed. Great attention has therefore been paid to this point, 
both in regard to the erosive power of different explosives and in 
regard to the capacity of different materials (chiefly diffei'ent natures 
of steel) to resist the erosive action. 

The method I adopted for this purpose consisted in allowing 
large charges to escape through a small vent. The amount of the 
metal removed by the passage of the products of explosion, which 
amount was determined by calibration, was taken as a measure of 
the erosive power of the explosive. 

Experiments have also been made to determine the rate at which 
the products of explosion part with their heat to the surrounding 
envelope, the products of explosion being altogether confined. I 
shall only briefly allude to these experiments, as, although highly 
interesting, they have not been carried far enough to entitle me to 
speak with confidence as to final conclusions. 

Turning now to ballistic results. The energies which the new 
explosives are capable of developing, and the high pressures at 
which the resulting gases are discharged from the muzzle of tlie 
gun, render length of bore of increased importance. With the 
object of ascertaining with more precision the advantages to be 
gained by length, the firm to which I belong has experimented with 
a 6-inch gun of 100 calibres in length. In the particular experi- 
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ments to which I refer, the velocity and energy generated has not 
only been measured at the muzzle, but the velocity and the pressure 
producing this velocity have been i obtained for every point of the 
l)oro, consequently the loss; of velocity and energy due to any 
particvdar shortening of the: bore can be at once deduced. 

These results have been, obtained by measuring the velocities 
every round at sixteen points in the bore and at the muzzle. These 
dal, a enable a velocity curve to be laid down, while from this curve 
the corresponding pressure curve can be calculated. The maximum 
chamber pressure obtainSd b^y these means is corroborated by simul- 
taneous observations taken with crusher-gauges, and the internal 
ballistics of various explosives have thus been completely determined, 

Commencing with guncotton, with which a very large number 
of analyses were made, with the view of determining whether there 
was any material difference in the decomposition dependent upon 
the pressure under which it was exploded, two descriptions were 
employed: one in the form of hank or strand, and the other in the 
form of compressed pellets. Both natures were approximately of 
the same eomposition, of Waltham-Abbey maniifaeture, containing in 
a dried sample about 4'4 per cent, of soluble cotton and 95'6 per cent, 
of iusolublo. As tised, it contained about 2'25 per cent, of moisture. 

Tho following were the results of the analyses of the permanent 
gases. They are placed in live seribs, viz. : — 

First. — Analyses showing the decomposition of the strand or 
hank guncotton. Second. — Analyses showing the decomposition 
of pellet guncotton. 

In both these series the analyses are arranged in the order of 
the ascending pressures under which the decomposition took place. 

Third and fourth. — Exaniples of the decomposition of strand 
and pellet guncotton when exploded by means of mercuric 
fulminate. And, fifth, a series showing the decomposition 
e-xperionced by pellet guncotton saturated with from 25 to 30 per 
cent, of water, and detonated; by means of a primer of dry guncotton 
and mercuric fulminate. ; 

I leave these results for discussion in the memoir which Sir F. 
Abel and I hope before long to submit, and will only remark that, 
in Tables 1 and 2, the same peculiarity we have before remarked 
upon in reference to gunpowder, is again exhibited ; I mean the 
marked manner in which the carbonic anhydride increases with 
the pressure. It will be noted that in Table 1 the volumes of 
carbonic anhydride and carbonic oxide are nearly exactly reversed ; 



472 


RESEARCHES ON* EXPLOSIVES 



50*0? 

00 t>. eo lo 
ip ^ rH CO 

«D CD ^ CO 

CO (M tH rH 


9 

00 

■tH 

JC^ CD 00 iO 
<p O O 
■tH 00 J»>- CO CO 

CO w rH rH 


iX, 

O 

1*0 

O O CD CO rH 

9 9 9 9 

00 dD !» CO 

CO CN rH r-i 


o 

o 

!M 

i-l 05 iO O 

p 9 05 9 oo 

00 o oo <i> A) 

CO CO rH rH 

4 

P! 

18*0 

CO O 03 CO iQ 
p p p D5 p 

A A CO O 

CO CO rH rH 

1 

§.< 

cn 

M 

12*3 

O CD CO iO CO 

9 p p tH 

D5 rH 03 CO O 

CO CO rH rH 

S 

§ 

12*0 

CO iO 00 CO rH 
p 9 9 -HH 9 

cq o o cb o 

CO CO CM rH 


8*0 

O CP O O •HI 
p p 9 p 9 

A 05 00 <» O 

CO CO rH rH 


o 

00 

iO 5-^ O O 00 
p p rH p 

o (M 03 A o 

CO CO rH tH 


Ip 

c<j 

05 CO CO 00 Hh 

9 p iH iH P 

03 VO 00 O 

P5 CO rH tH 


rH 

C33 CD 00 iO C<l 
•H5 9 9 9 9 

CD CD 05 CO o 

05 CO rH rH 


M 

OJ 

to 

o 

2 

55 

CO 

«B 

2 

P4 

Pi 

a> 

13 

d 

I*"' 


3 

o8ffiJ2;o 


>£> 


I 


o 


s i 


ooW/So 




RESEARCHES ON EXPLOSIVES 


473 


Table 3. — Memdis of the analyses of strand guncotton when fired in a 
dose vessel hy detonation. 


CA(wis.) . 




Pressure * 

1 ton. 
19*21 

per sq. inch. 

-A 

S tons. 
29*08 

CO „ . 




41*25 

32*88 

H „ . 




23*07 

20*14 

N . „ 




16*21 

17-50 

CH 4 . „ . 



* 

0*26 

0*75 


* The pressures given are those due to the gravimetric density of the charge. 
Ta«le 4. — Similar results for pellet guncotton. 


Pressure per sq. inch. 


CO 9 , (vols.) . 




3 tons. 

25*76 

" ^ 
10 tons. 
26*50 

CO . 




39*34 

37-48 

H . 




18*71 

20-97 

N „ . 




16*19 

15-05 

CH 4 „ . 


. 


Nil 

Nil 


Tabt.e ^.-—‘BMults of analyses of saturated pellet gmicoUon fired in a 
dose vessel hy detonation. 

Pressure jxir square inch. 



r 

Uinler 10 tons. 

10‘5 tons. 

16 tons. 

16 *6 tons. 

CO, (vols.) 

32*14 

33*25 

32*93 

35*60 

CO „ . 

27-04 

25*90 

27-25 

23*43 

H „ . 

26-80 

26*53 

26-76 

24*22 

N „ . 

13-83 

14*32 

14-06 

15*25 

CIL - • 

0-19 

Nil 

Nil 

1*50 


again, considering that the composition of the pellet and strand 
gniieotton is practically the same, the distinct difference between 
the proportions of these products in the two series is sufficiently 
remarkable. It not improbably is connected with the rapidity of 
conibnstion of the two sam|)les. Another striking peculiarity is 
the manner in which the GO 2 is increased (as exhibited in Table 5) 
when saturated pellet cotton is detonated. 

Such are the average analyses of the permanent gases generated 
by the decomposition of guncotton under the various conditions I 
have described, and it will be evident from these analyses that the 
volumes of the permanent gases may be expected to differ to some 
very appreciable extent, depending both upon the density under 
which it is exploded, and also upon the mode of explosion. I have 
found it most convenient to explode the charges, the permanent 
gases from which were to be measured, under a pressure of about 
10 tons per square inch (1524 atmospheres), and, under these 
circumstances, the average of several very accordant determinations 
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gave/.at 0" Gent. and. 760 mm.^ of mercnry, 689 c-c/per gramme,,, of 
strand guncotton and 725 c.c. per gramme of pellet guncotton. 

At the temperature of explosion the whole of the water formed 
is in the gaseous state.' It is therefore necessary, in order to obtain 
the total gaseous volume, to add to the above volumes of permanent 
gases the equivalent volume of aqueous vapour at tlio temporature 
and pressure stated. Now the quantity of vrater furmod by the 
explosion of 129*6 grms. of guncotton was found to be 16-985 
grms. ; hence 1 grin, of guncotton generated 0*1311 grm. of water, 
equivalent to 162*6 c.c. of aqueous vapour, and^the total volume 
of gaseous matter at the temperature and pressure stated is for 
strand guncotton 852*2 c.c. per gramme, for pellet 887*6 c,c. 

The heat measured reached, with strand guncotton, 1068 grm.- 
units (water fluid), or 988 grim-units (water gaseous), while with pellet 
guncotton these figures were 1037 or 957 grm.mnits respectively. 

Pellet guncotton made at Stowmarket generated 738 c.c. of 
permanent gas and 994 units of heat per gramme, while dinitro- 
cellulose containing 12*8 -pen: cent, of nitrogen generated 748 c.c» 
of gas and 977 units of heat, the water in both cases being fluui 

Gruncotton, both pellet and strand, I have detonated by means 
of mercuric fulminate with ease and certainty. The effect of 
employing this means of ignition in a close vessel is very strikuiig, 
and the indications of intense heat are much more apparent tlian 
when the charge is fired in the ordinary way. This effect is probably 
partly due to an actual higher temperature, caused by the greater 
rapidity of combustion. I allude elsewhere to the extreme rapidity 
with which the gases part with their heat, but this higher heat is, 
I think, clearly indicated by the surfaces of the internal crusher- 
gauges becoming covered with innumerable small cracks, and by 
thin laminae occasionally flaking off exposed surfaces; but perhaps 
the most striking proof of the violence of this detonation is shown 
by its action on a cast-iron shell fired as I have described ; where 
no detonation takes place the shell is broken into fragments of 
various sizes, such as are familiar to all acquainted with the burst- 
ing of shell; but when detonation, with guncotton, for example, 
takes place, the whole shell is reduced to very minute fragments, 
and, what is more remarkable, two-thirds of the total weight are 
generally in the form of small peas and of the finest dust. 

The ease with which guncotton can be detonated renders it 
unsuitable for use as a propulsive agent, unless this property be in 
some way neutralised. I have, therefore, made but few exporiments 
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in this direction,, and shall M further allude to them in this liote^ 
as more, suitable, explosives— explosives also of which giiiico,tto,ii is 
a principal coiiiponeiit — have been elaborated; and these not only 
possess to the full the high ballistic properties of guncotton, but are 
more or less free from the tendency to detonate, which, however 
useful it tiiay be in other directions, is a fatal objection to the 
ciui)loym,eiit of guricotton for propelling purposes* 

Turning now to cordite; cordite consists, as is well known, of 
nitro-giycerine and guncotton as its main ingredients. As now 
made, it contains^ 37 per cent, of guncotton (trinitro-cellulose with 
a small proportion of soluble guncotton), 58 per cent, of nitro- 
glyceriiie, and 6 per cent, of a hydrocarbon known as vaselin. On 
account of the importance of this explosive, I have made numerous 
experinients, both with large and small charges, to determine the 
relation of the tension to the density of the charge. Up to densities 
of 0*55 the relation may be considered to be very approximately 
determined: a1)ove that density, although many determinations have 
been made, tliese deteriirinations have shown such wide variations 
that tliey caiinot, until certain discrepancies are explained, be 
a.sHumed as at all accurate. 

The average .results of some of the analyses of tlie permanent 
gases are given below:— 

Tlie first four analyses were made from experiments with tlie 
earlier samples of cordite when tannin formed an ingredient of 
cordite. They are not, therefore, strictly comparable with the later 
analyses. There appears also to be a difference in the transforma- 
tion, slight but decided, which the same cordite experiences, depen- 
dent upon the diameter of the cord; and this difference is shown at 
once ill the analyses, in the volume of permanent gases, in the heat 
developed, and, I think, in the amount of aqueous vapour formed. 

The following are some of the analyses : — 


Table 6. 

Pressure per square inch. 




0-048 Cordite. 




0*225 Cordi te. 

. 



2-5 tons. 

0 tons. 

10 tons. 

14 tons. 

10 tons. 

12 tons. 

11 tons. 

, 14 tons. 

CO., 

29*9 

30*4 

32*0 

31*6 

27*0 

28*4 

23*9 

26*3 

CO** 

28 '2 ■ 

30*7 

32*9 

32-1 

34*2 

33*8 

37-2 

35*8 

H 

19*3 

20-0 

18*0 

21*6 

26*9 

24*4 

28*4 

26*1 

N 

CM, 

22-5 

18*9 

17*1 

14-8 i:i-0 

traces. 

13*4 

10*4 

11*8 


In tlie wliole of tkese analyses the water foi'mecl by the explosion 
smelt strongly of ammonia. 
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The quantity of permanent gases measurech under the same condi- 
tions as in the case of guncotton, was found to be : — 

For the earlier cordite, 655 vols. 

For the present service cordite, 0*255 inch in diameter, 692 
vols., and for that 0*048 inch in diameter, 698 vols. In the two 
latter samples the aqueous vapour was determined, and was found 
to amount to 20*257 grms. for the 0*255-inch cordite, and to 20*126 
grms. for the 0*048-inch cordite; or, stating the result per gramme, 
these figures are respectively equivalent to,0*1563 grim, or 194 c.e. 
aqueous vapour, and to 0*1553 grm., or 192*6 rC.c. per grim of 
cordite. 

Hence the total gaseous products generated by the explosion of 
cordite amount per grm. to 886 c.c. for the 0*255-inch cordite, 
and to 890*5 c.c. for the 0*048-inch cordite, the volumes being, 
of course, taken at 0° Cent, and 760 mm. atmospheric pressure. 

The heat generated was found to be: — For the earlier cordite, 
1214 grm. -units water filuid; for the service 0*255-ineh cordite, 1284 
grm.-units water fluid or 1189 units water gaseous ; for the service 
0‘048-ineh cordite, 1272 units water fluid or 1178 units water 
gaseous. 

From my very numerous experiments on erosion, I have arrived 
at the conclusion that the principal factors detenniiiing its amount 
are : (1) the actual temperature of the products of coxnluistion, (2) 
the motion of these products. But little erosive effect is produced, 
even by the most erosive powders, in close vessels, or in tliose 
portions of the chambers of guns where the motion of tlie gas is 
feeble or nil ; but the case is widely different where tliere is rapid 
motion of the gases at high densities. It is not difficult a1)Solutely 
to retain without leakage the products of explosions at very liigli 
pressures, but if there be any appreciable escape before the gases 
are cooled, they instantly cut a way for themselves with astonisliing 
rapidity, totally destroying the surfaces over or through which they 
pass. Among all the explosives with which I have experimented, 
I have found that where the heat developed is low, the erosive effect 
is also low. 

With ordinary powders, the most erosive with which I am 
acquainted is that which, on account of other properties, is used for 
the battering charges of heavy guns: I refer to brown prismatic 
powder. The erosive effect of cordite, if considered in relation to 
the energy generated by the two explosives, is very slightly greater 
than that of brown prismatic ; but very much higher effects can, if 
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it be so desired, l)e obtained with cordite, and, if the highest energy 
bo demanded, the erosion will be proportionally greater. There is 
however, one curious and satisfactory peculiarity connected with 
erosion l)y cordite. Erosion produced by ordinary gunpowder has 
the most singular effect on the metal of the gun, eating out large 
holes, and forming long, rough grooves, resembling a ploughed field 
in miniature, and Ihese grooves have, moreover, the unpleasant 
hal)it of licing very apt to develop into cracks; but with cordite, so 
far as my experience goep, the erosion is of a very different character. 
The eddy holes an4 long grooves are absent, and the erosion appears 
to consist in a simple washing away of the surface of the steel 
barrel. 

Cordite does not detonate; at least, although I have made far 
more experiments on detonation with this explosive than with any 
other, I liave never succeeded in detonating it. With an explosive 
like cordite, capable of developing enormous pressures, it is, of 
oom.\se, if the cordite he finely comminuted, to develop very 

high tensions, Init, as I have already explained, a high pressure does 
not necessarily imply detonation. 

Thei rajiidity witli which cordite gases lose their temperature, and 
C(iiiHO<picufrly tlieir pressure, by conimiuiication of their heat to their 
surrounding envelope, is very striking. Exploding a charge of almvit 

Ih. of cordite in a close vessel at a tension of a little over 6 tons 
on the sipiare inch, or say 1000 atmospheres, I have found that the 
l>ressure (jf G toivs per B(|uare inch was again reached in 0'07 second 
after explosion, of 6 tons in 0‘171 second, of 4 tons in 0’731 second, 
of 3 tons in 1-764 second, of 2 tons in 3-523 seconds, and of 1 ton 
in 7-08 seconds. The loss of pressure after 1 ton per square inch 
was reached, was, of course, slow, hut the figures I have given were 
eloHoly approximated to in two subsequent experiments. With 
ordinary gunpowder the reduction of pressure was very much 
slower, as was to be expected, on account of the charge being much 
larger ; on account, also, of the temperature of explosion being much 
lower. 

These experiments are now being continued with larger charges 
and higher pressure. 

It only remains to give particulars as to ballistics, that is, 
as to the velocities and energies realisable by cordite in the 
boro of a gun; but these will be most conveniently given with 
similar details regarding other explosives with which I have 
experimented. 
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The ballistite I have used has, like the cordite, been changed in 
composition since the commencement of my experiments. Tlio 
sample I used for my earlier experiments was nearly (ixactly 
composed of 50 per cent of dinitro-cellulose (collodion cotton) and 
50 per cent, of nitro-glycerine. The cubes wore coalicid with 
graphite, and the nitro-eellulose was wholly soluble in ether 
alcohol. 

The second sample was nominally composed of 60 per cent, of 
nitro-eellulose and 40 per cent, of nitro-glycerine. The proximate 
analysis gave— »■ 

Nitro-glycerine . . . . 41‘62 

Nitro-eellulose . . . . 59 '05 

as before the whole of the nitro-eellulose was soluble in ether 
alcohol. 

The earlier sample gaAm the following permanent gases under 
pressures of 6 and 12 tons per square inch respectively : — 

COj .... 37-3 38-49 

CO . . . . 27-8 28-35 

H . . . . 19-1 19-83 

N . . . . 15-8 13-32 

CH^ .... traces. 

One gramme of this ballistite gives rise to 610 c.c. of permanent 
gases, and to 0'1588 grm. of aqueous vapour, corresponding to 197 
c.c. at 0° Cent, and 760 mm. 

Hence the total volume of gas is 807 c.c., and the heat generated 
by the explosion is 1365 grm. -units (water fluid), 1269 grm.-unit8 
(water gaseous). 

Although I have not made nearly so many experiments on detona- 
tion with ballistite as with cordite, those I have made with the 
earlier samples (50 per cent, guncotton and 50 per cent, nitro- 
glycerine), neither detonated, nor did they show any tendency to 
detonate ; but the case is different with respect to a sample of ballistite 
consisting of 60 per cent, guncotton and 40 per cent, nitro-glycerine. 
This sample, 0-2-ineh cubes, detonated with great violence on two 
occasions ; but I am unable, without further experience, to say 
whether this result was due to the change in the composition of the 
ballistite or to defective manufacture. 

The erosive action of ballistite is, as might perhaps be anticipated 
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froHi - tlie liiglier^;^^ developed, greater than with, cordite, but the 
remarks'. made with respect to the action of cordite., apply. also to 
ballistite. 

The French B, N. powder consists of nitro-celMose partially 
gelatinised and mixed with tannin, with barium, and potassium 
nitr.ate,s.' 

When exploded under a pressure of 6 tons per square inch, the 
permanent gases were found to consist of 


GO, 


• 


* 

, 

28-1 vols. 

CO 

• 

« 


, 

, 

32-4 „ 

H 


. 


, 

, 

21-9 „ 

N 

'■ ' ,• 



, 


16-8 „ 

CH^ 




. 

. 

0-8 „ 


These permanent gases occupied at the usual temperature and 
pressure a volume of 616 c.c. ; the aqueous vapour formed occupied 
in addition 206 o.o., so tliat the total gaseous volume was 822 c.c. 

The heat generated was 1003 grm. -units (water fluid) or 902 grni.- 
iinits (water gaseous) ; the ballistics ol^tained with this powder are 
given along with tliose furnished by other explosives. 

For purposes of comparison, I have introduced among the ballistio 
results those obtained with amide prismatic powder, and with R. L, Gt. 
Particulars as to both these powders have already been given ^ and 
need not here be repeated. 

In a preliminary note, like the present, the most convenient mode 
of comparing the velocities and energies developed by the new 
explosives is by the aid of diagrams. 

Accordingly, in Fig. 1 (coloured diagram, p. 480), I show the 
velocities of seven different explosives from the commencement of 
motion to the muzzle of the gun ; the position of the points at which 
the velocity is determined are shown, and on the lowest and highest 
curves the observed velocities are marked where it is possible to do 
so without confusing the diagram. Lines are drawn to indicate the 
velocities that are obtained with the lengths of 40, 50, 75, and lOO 
calibres. 

Fig. 2 (coloured diagram, p. 480) shows the pressures by which 
the velocities of Fig. 1 were obtained. The areas of these curves 
represent the energies realised, and the lines intersecting the curves 
indicate the pressures at which the gases are discharged from the 
iiiuzzle for lengths of 40, 50, 75, and 100 calibres respectively. The 
* Moij. Soc> Proc »9 yol. Hi, p. 125 ; PhU. part i, 1880, p. 278. 
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chamber pressures indicated by crusher-gauges are also shown in 
Fig. 2, and it will be observed that the two modes of determining 
the maximum pressure are in general in close accordance. 

It will further be observed that with the slow-burning powders 
the chronoseopic maximum pressures are somewhat, though nob 
greatly higher, than are those indicated by the crusher-gauges. This 
observation is not new.* It was noted in 'the long series of 
experiments with black powders carried on by the Committee of 
Explosives. , 

The result is widely different where an explosive powder or a 
quickly-burning powder, such as E. L. G-., giving rise to wave-pressure, 
is employed ; the crusher-gauge in such cases f gives considerably 
and frequently very greatly higher pressures, and this peculiarity is 
illustrated in the curve from E. L. G. in Fig. 2. 

It is, perhaps, hardly necessary to point out that the results given 
in Fig. 1 have to be considered in relation to the facts disclosed in 
Fig. 2. Thus it will be noted tliat the velocities and energies realised 
by 22 lbs. of 0‘35-inch cordite and 20 lbs. of 0‘3-inch cordite are 
practically the same ; bxit reference to Fig. 2 shows that, with the 
0‘3-inch cordite, tins velocity and energy has been obtained at the 
cost of nearly 30 per cent, higher maximum pressure. 

A similar remark may be made in regard to the French B. N. 
powder if compared with the ballistite. Its velocity and energy are 
obtained at a high cost of maximum pressure, and it is interesting to 
note how the velocity curve of B.N., which for the first 4 feet of 
motion shows a velocity higher than that of any other explosive, 
successively crosses other curves, and gives at the muzzle a velocity 
of 500 feet per second under that of cordite. 

The velocities and energies at the principal points indicated in 
Figs. 1 and 2 are sunmiarised in the annexed table, which shows for 
each natm’e of explosive the advantage in velocity and energy to be 
gained by correspondingly lengthening the gun. 

Fig. 3 (colom’ed diagram) is an interesting illustration of a point 
to which I have elsewhere adverted. Cordite and ballistite leave no 
deposit in the bore. Eound 1 with E.L. G. was fired with a clean 
bore. The difference in velocity between round 1 with a clean bore 
and rounds 2 and 3 with powder deposit in the chase, is very clearly 
marked, and it wiU be noted that in this instance the effect of the foul 
bore is only distinctly shown when the length exceeds 40 calibres. 

* Noble and Abel, Phil. Tram., vo\. clxv., p. 110. 
t Compare Noble and Abel, /oe. ej«., p. 109. 
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From 40 calibres onwards, the loss of velocity due to a bore 
encrusted with deposit is very distinctly shown. 


Tabi.e 7.—Shovnnff the mhcMiea and emrgm realised in Q4mh gun idUIi the 
undernoted explosives. 


♦ 

Natun! of oxplusive aiul 
svotghi of {'liarge. 

Xjengfcli of bore, 
40 calibres. 

Length of bore, 
50 calibres. 

Leiigtli of bore, 

. 75 calibres. 

Length of bore, 
100 calibres. 

■ . 4-3 

'o 

0 

1 

Energy. 

Velocity. 

§ 

<D 

m 

Velocity. 

Energy. 

^ . ■■ 

1' 

f> 

CD 

S 

m 

Cordite, 0'4-in. dia., 
27-6 lbs. . . . 

2794 

5413 

2940 

6994 

3166 

6950 

3284 

7478 

Cordite,;. ^ 0*35-iii. ■ dia., . 









22 lbs. , , . . . . 

2444 , 

4142 

2583 

4626 

2798 

5429 

,2915 

5892 

Cordite, 0*3-isi, dia,, 







5888 

20 ibs. ' , . . . .. , . 

2495 

4316 

2632 

4804 

2821 

5518 

2914 

Ballistite, 0‘3-in. . cubes, 









20 lbs. , . . . . 

2416 

4047 

2537 

4463 

2713 

5104 

2806 

5460 

.Frencsh B.N., 25 lbs. , , 

2422 

4068 

2530 

4488 

2700 

6055 

2786 

6382 

Amide Prlsinatic, 32 lbs. 

2226 

8433 

2331 

3768 

2486 

4285 

2666 

4566 

R, L. .G.o, 23 ibs. . , . 

1533 

1630 

1692 

1757 

1668 

1929 

1705 

2016 


t H ’ 




XIII. 


ON METHODS THAT HAVE BEEN ADOBTEI) FOR 
MEASURING PRESSURES IN THE BORES OF GUNS; 

read hfore the British Association, Oxford, 1894.) 

The importance of ascertaining, with some approach, to accuracy, 
the pressures which are developed at varions points along tlio 
bores of guns by gunpowder or other propelling agent is so groat 
that a variety of means have been proposed for their determination, 
and I purpose, in this paper, to give a very brief account of some 
of these means, pointing out at the same time certain difficulties 
which have been experienced in their employment, and the eri'ors 
to which these methods have been in many cases subject. 

The earliest attempt, by direct experiment, to ascertain pressures 
developed by fired gunpowder, was that made by Count Rnmford 
in his endeavour to determine the pressures due to diilert^ut 
densities of charge. He assumed, the principles of thermo-dynamics 
being then unknown, that charges fired in a small closed gim-hai‘roI 
would give pressures identical with those given by charges doing 
work both on the projectile and on the products of combustion 
themselves; but even this error was a small one compared witli 
that which led him to adopt, as correct, his extravagant estiinate 
of the pressures developed. 

For a density of unity — ^or, in other words, for a charge 
approximately filling a chamber in which it was fired— he estimated 
the pressure at over 101,000 atmospheres, or at 662 tons per 
square inch. 

He adopted this pressure notwithstanding the great discrepancy 
which he found to exist between the two series of experiments 
which he made, and he meets the objection that, were the pressure 
anything approaching that which he gives, no gun that ever was 
made would have a chance of standing, by assuming that the 
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combustion of powder is exceedingly slow, and lasts tlie wbole time 
occupied by the projectile in passing through the bore. 

It is sixfflciently curious that a man so eminent for his scientific 
attainments as was Eumford should have fallen into so great an 
crvo]*, both because any attempt at calculation would have shown 
liiiu his mistake, and because Robins, sixty years earlier, had 
ccmcliisively proved that with the small-grain powders then used— 
and it must be remembered that Eumford’s powder was sporting 
of very fine grain- — the^ whole of the powder was fired before the 
bullet was very greatly removed from its seat. Robins’s argument 
—and it is incontrovertible — was, that were it otherwise a much 
greater energy would be realised from the powder when the weight 
of the projectile was doubled, trebled, quadrupled, etc.; but Ms 
experiments showed that under these circumstances the work done 
by the powder was nearly the same. 

For other oljeets, on a much larger scale, and with appliances 
far superior to tliose which the great man I have named had at 
Ids disposal, I have had occasion to repeat Robins’s exjxeriment, 
and the results are interesting. With a charge of 10 lbs. of the 
powder Iviiown as R. L. G. 2 and a shot weighing 30 lbs., a velocity 
of 2126 feet per second, representing an energy of 971*6 foot-tons, 
was attained. Tlie same charge being used, l)iit the weight of the 
projectile being doubled, the velocity was reduced to 1641 feet per 
second, while the energy was increased to 1125 foot-tons. With 
a shot weighing 120 lbs. the velocity w^as 1209 feet per second, and 
the energy 1196 foot-tons. With a shot of 150 lbs. the velocity 
was 1080 feet per second, and the energy 1191’5 foot-tons; while 
with a shot of 360 lbs. the velocity was reduced to 691 feet per 
second, representing a muzzle energy of 1191*9 foot-tons. These 
energies were obtained with maximum chamber pressures respectively 
of 13*5 tons, of 17*25 tons, of 19 tons, of 20 tons, and of 22 tons 
per square inch. It will be noted that the maximum energy 
obtained was realised with the shot of 120 lbs. weight, the energy 
given by a shot of 360 lbs.— ie., three times that weight, or twelve 
times the weight of the original shot — being nearly exactly the 
same. 

Very different, however, were the results when one of the modern 
powders, introduced with the special object of insuring slow 
combustion, was compared with the R. L. G. 2 experiments which 
I have just quoted. . 

With brown prismatic or cocoa powder, an exactly similar series 
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was fired. The 304b. shot gave a velocity of 1515 feet per second, 
and an energy of 493'4 foot-tons: the 604b. shot gave 1291 feet 
per second, or an energy of 693*4 foot-tons; the 1204b. shot, 
1040 feet per second, or 877*5 foot-tons; the 1504b. shot, 948 feet 
per second, and 920*7 foot-tons; while with the hea%dest shot, the 
3604b., the velocity attained was 654 feet -per second, equivalent 
to an energy of 1064*7 foot-tons. The maxininni chamber pressures 
ill this series varied from 4*8 tons per square inch with the lightest 
projectile, to 9*6, with the heaviest; and v^ith this powder it will 
be observed that the energy developed increased steadily and 
considei'ably with each increment in the weight of the shot, while 
the low chamber pressure shows that, even with the heaviest shot, 
the projectile must have moved a considerable distance from its 
seat before the charge can be considered to have been entirely 
consumed. 

I have mentioned the discrepancy between Eumford's two series 
of experiments. This discrepancy was very great, the one series 
giving, for a density of unity, a tension of about 190 tons per square 
inch, or 29,000 atmospheres, the other series giving a tension of 
over 101,000 atmospheres. It is remarkable that Eimiford makes 
no attempt to explain this discrepancy, but, as he deliberately 
adopts the higher tension, it is not improbable that he was led to 
this conclusion by an erroneous estimate of the elastic force of the 
aqueous vapour contained in the powder or formed by its explosion. 
He considered, reljdng on M. de Betancourt's exjieriments, that 
the elasticity of steam is doubled by every addition of temperature 
equal to 30° Fahr., and his only difficulty appears to have been — 
he expressly leaves to j)osterity the solution of the problem — 
why the tension of fired gunpowder is not much higher than 
even the enormous pressure which his experiments appeared to 
indicate. 

It will be remembered that Rimiford's apparatus consisted of 
a small but strong wrought-iron barrel, terminated at one end by 
a small closed vent, so arranged that the charge could be fired by 
the application of a red-hot ball. At the other end it was closed 
by a hemisphere upon which any required weight could be placed. 
His method was as follows:— A given charge being placed in the 
bore, a weight judged to be equivalent to the expected gaseous 
pressure was applied. If the weight were lifted, it was increased 
until it was just sufficient to confine the gases, and the pressure 
was then assumed to be that represented by the weight. 



. MEASURING PRESSURES IN THE BORES..„OE: GUNS 485 

It seeHis probable that Eumforcrs erroneous deterinmatioiis 
were mainly clue to two causes:— 

1st. To the weight closing the barrel being lifted, not by the 
mere gaseous pressure, but by the products of explosion (produced, it 
will be remembered, from a very ‘ ■ brisante '' powder, and consider- 
ably heated by the* red-hot ball), being projected at a high velocity 
against it. In such a case, the energy acquired in traversing the 
barrel would add notably to the pressure due to the density of the 
charge j and it is again remarkable that the augmentation of pressure 
due to this causdwas clearly indicated by an experiment designed 
for the purpose by Robins. 

2nd. To the gases acting on a much larger area than was allowed 
for in his calculations ; and this view appears to be confirmed by the 
risumd he gives of his experiments. 

No attempt was made for very many years either to corroborate 
or amend Count Eumford's determinations; but, in 1845, General 
Cavalli endeavoured indirectly to arrive at the pressure developed by 
different kinds of powder in a gun of 16 cm. calibre. His method 
consisted in drilling holes in the gun at inght angles to the axis, at 
different distances from the base of the bore, in which holes were 
screwed small barrels of wrought iron, so arranged as to throw a 
bullet which would be acted on by the charge of the gun while 
giving motion to the projectile. By ascertaining the velocities of 
these bullets he considered that the theoretical thickness of the 
metal at various laoints along the bore could be deduced. His 
experiments led him to some singular results. 

He believed that with some very brisante Belgian powder with 
which he experimented a chamber pressure of 24,022 atmospheres 
(157*6 tons per square inch) had actually been reached, while with 
an ordinary powder and a realised energy of nearly the same amount 
the maximum chamber pressure wms only 3734 atmospheres (24*5 
tons per square inch). With the brisante powder this erroneous 
conclusion was doubtless due to two principal causes, viz. 

1st. To the seat of the small bullet being at a considerable 
distance from the charge. Under these circumstances, as later on 
I shall have occasion to describe experiments to prove, a far higher 
pressure induces motion in the bullet than is due to the tension of 
the gases in a state of rest. 

2nd, To the brisante nature of the powder.. With such powders, 
csijecially in large charges, it has been proved that great variations 
of pressure exist in the powder chamber itself, in some cases the 
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pressure indicated at one point of the chamber being more than 
double that at others. ■ ■ _ ■ 

’ It has further been proved that with brisante powders waves, of 
pressure of great violence sweep from one end of the chamber to the 
other, and if Cavalli's small bpllet were acted on by one of these 
waves an exceedingly high pressure would, ^ without doubt, l.)e 
indicated. 

3rd. A third cause of error, but much slighter, is due to the 
muzzle pressure, when the small bullet quits its barrel, being both 
abnormally high and also abnormally sustained ; hence there will ])e 
a considerable increment of velocity after the bullet quits the gun. 

It is but fair to add that the results obtained by Cavalli with the 
powders which he terms inoffensive ” are, if some correction be 
made for the third cause of error alluded to above, not far removed 
from the truth. 

A Prussian Artillery Committee, under the presidency of General 
Neumann, made, in 1854, a great improvement on the plan proposed 
and employed by Cavalli. 

Their mode of procedure consisted in drilling a hole in the 
powder chamber of the gun to be experimented with, in which hole 
was placed a small barrel of about 6 inches in length. Now when 
the gun was loaded, if in the small barrel were placed a cylinder of 
a length equal to that of the projectile, it is clear that, on the 
assumption that the pressure in the powder chamber is uniform, the 
cylinder and the projectile will describe equal spaces in equal times ; 
hence, if we determine the velocity of the cylinder when it quits 
the small barrel, we know the velocity of the projectile when it has 
moved 6 inches from its seat. By altering the length of the column 
of the cylinder placed in the small barrel, and ascertaining the 
resultant velocity, the velocity of the projectile at any desired point 
of the bore can be determined. 

General NeumaniTs Committee carried out their experiments 
only in very small guns and with the grained powder used in those 
days. Their results were probably not far from the truth, although 
subject to one of the defects to which I alluded in reviewing General 
Cavallfs experiments. Indeed, these results were examined and 
entirely confirmed by the distinguished Russian artillerist General 
Mayevski, in a very elaborate memoir ; but the experiments of the 
Prussian Committee were chiefly remarkable for being, so far as I 
know, the first to recognise the variations of pressure which may 
exist in the^ powder chamber itself, variations which may, under 



r 

It""' 







MEASURING PRESSURES IN THE BORES OF GUNS 487 

certain circumstances, attain great magnitude, and to wMeli I have 
already drawn attention. 

The results of the Prussian experiments showed, with every 
charge fired, two distinct maxima of tension. Other relative maxima 
no doubt existed, but the mode of experiment was not sufficiently 
delicate to render them perceptible. 

Before passing to the more modern methods adopted for deter- 
mining the tensions in guns, I must advert to one which has been 
repeatedly resorted to dciring the last one hundred and fifty years. 

I mean the method of firing the same weight of charge and projectile 
from guns of the same calibre but of different lengths, or, as has 
sometimes been done, by successively reducing the length of the same 
gun by cutting off a determinate number of calibres from the muzzle. 

It is obvious that if, under the circumstances supposed, we know 
the muzzle velocities of a projectile from a gun of, say, 25 calibres in 
length and from a gun of 30 calibres in length, we are able from the 
increased energy obtained to deduce the mean pressure acting upon 
the projectile over the additional 5 calibres. 

The earliest experiments with different lengths of guns appear to 
have been made in England as far back as 1736. These experiments, 
however, have but little value, as the velocities were not directly 
determined, and could only be deduced from the observed ranges. 
The same objection applies to the long series of experiments carried 
on in Hanover in 1785, and those cited by Piobert in 1801 ; but the 
interesting observation that the ranges obtained from guns of 12, 
15, 19, and 23 calibres in length were relative maxima cannot be 
relied on in any way as showing abnormal variations in the muzzle 
pressure accompanying variations in length. 

In Hutton’s experiments, made with gims varying in length from 
15 to 40 calibres, the muzzle velocities were obtained by means of 
the ballistic pendulum; and, between these limits of length, the 
mean powder-pressure he realised can with sufficient certainty be 
deduced. 

This remark applies also to the numerous similar experiments 
where the muzzle velocities have been obtained by the more accurate 
chronoscopes that have been for many years in common use ; but this 
mode of determining the pressure has many inconveniences, and 
ceases to be reliable when the bore is of a very reduced length and 
the pressures approach their maximum value. 

To the important and extensive series of experiments carried on 
by Major Eodman for the United States Government in 1857 to 
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1859, the main object of the experiments being to ascertain the 
effect which the size of grain of the powder used has upon the 
pressure, we are indebted for that officer’s most ingenious pressure 
gauge; and the crusher gauge, which is now so extensively used, can 
only be considered a modification of Major Rodman’s instrument 
designed to remove certain difficulties attending the use of the 
original instrument. 

Major Rodman’s gauge is well known, but its construction is 


Fig. Bodman’s Pressure Apparatus. ^ 



bKowe in the accompanying drawing (Fig. 1). Major Eodman 
applied his gauge in the following manner : — 

■ Desiring to ascertain the pressure at various points along the 
bore of a gun, he bored at these points channels to the interior 
surface of the bore, and in these channels cylinders with small holes 
drilled down the centre were inserted ; to this cylinder is fitted the 
indicating apparatus, carried by Major Eodman on the outside of the 
gun, and consisting of an indenting tool G with its knife (shown in 
elevation and section). Against the knife is screwed a piece of copper 
H. The pressure of the gas acting on the piston i forces the knife 
■into the copper ; by mechanical means a similar cut can be produced, 
and hence the magnitude of the cut gives the measure of the pressure 
which has produced it. A small cup at c prevents any gas passing 
the indenting tool. 

The great improvements that Major Eodman made in gunpowder 
are well known. To him we are indebted both for the earliest 
experiments ^on the effect of the size of grain on the maximum 
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])ressure and for the powder adopted by all nations for large guns, I 
mean prismatic powder; but it is a question wlietiier lie was not in 
some degree led " to these great improvements by an erroneous estimate 
of the pressures produced, this erroneous estimate being mainly due 
to the necessity of placing the Eodman gauge at the exterior of the 
gun ; and the effect of this objectionable position would be greatly 
exaggerated if the powder experimented with were of a ‘‘ brisante '' 
iiatiire. ’ ‘ : 

It is curious that so distinguished an artillerist as Major Eodman 
should never hate taken the trouble to calculate what energies tlie 
pressures which his instrument gave would have generated in a 
projectile ; had he done so he would have found that many of the 
results indicated by his instrument were not only improbable but 
were absolutely impossible. 

As an illustration of Major Eodman’s method I take an interest- 
ing series of experiments made in smooth-bored guns of 7-ineh, 9-inch, 
and ll-inch calibres, and so arranged that in each gun an equal 
column or weight per square inch of powder was behind an equal 
column or weight per square inch of projectile. Under these con- 
ditions, in each gun, duringrthe passage of the shot along the bore, 
the gases would be equall;^ expanded, and the energy per unit of 
column developed at every point in the three guns should be the 
same, except for slight differences on account of increased temperature 
and pressure in the larger guns, due to the smaller cooling surface in 
proportion to the weight of charge. 

Major Eodman measured his pressures at the base of the bore 
and at every 14 inches along it, and his results are given in the 
annexed table, which is a most instructive one ; — 


Bia- 

meter 

Qf 

Bore. 

Weight 

of 

Charge 
in oz. 

Weight 
of 
Shot 
in lbs. 

Velocity. 

Pressure at different Distances from Bottom of Bore 
in Tons per sq. in., at 

In, 

Sq. in. 

Sq. in. 

F . S . 

Bottom. 

14 in. 

28 in. 

42 in. 

56 in. 

70 ill. 

84 in. 

7 

2-13 

1-973 

904 

16 * 26 . 

7*08 

3*74 

3*01 

8-06 

3*59 

3*00 

9 

2*13 

1-995 

- 888 

29*96 

9*42 

7-92 

6*65 

13*16 

9*36 

10*19 

11 

2*13 

1-997 

927 

38-73 

13*04 

12*41 

10*01 

12*68 

15*11 

11, *18 


Examining this table, it will be observed, in the first place, that 
the mxmle velocities of the equal column projectiles are nearly the 
same; that of the ll-ineh gmi being, as it should be, somewhat the 
higher ; hence the energies per square inch must be nearly the same, 
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and the mean pressures per square inch, inducing these energies, 
must likewise be, the . same* ■ 

But, for example, comparing the '7-incli and the 11 -inch guns, it 
will be noted that in the latter gun the pressures are always twice 
and sometimes more than four times as great as in the 7-inch gun, 
the mean pressure being nearly three times as great. 

The energy should be in the same proportion ; hence, if the 
pressure observations had been correct, the observed velocity 
should have been 1570 feet per second, iMtead of 927 feet per 
second. ® 

It will be noted also that the forward pressures not only differ 
greatly in the several calibres, but, for instance, in the 9-inch gun 
the pressure at 56 inches from the bottom of the hore is double the 
indicated pressure measured at 42 inches. Eodinan accepts the 
pressures up to and including 42 inches as correct, but ascribes the 
irregular pressures in the chase to the vibrations of the metal due to 
the discharge. 

Some experiments made by the earlier Explosive Committee fully 
explain the cause of the differences between the pressures exhibited 
by the 7-inch and 11 -inch guns. 

In the first of the experiments of this Committee, they used simul- 
taneously Rodman’s gauge and the chronoscope to which I shall 
presently advert. In the former case, of course, the pressure was 
determined directly. In the latter it was deduced from the motion 
communicated to the projectile. The results were quite irreconcil- 
able, as a few examples will show. 

In an 8-ineh gun, with a charge of 32 lbs. of Russian prismatic 
powder and a projectile of 180 lbs. weight, fired from a vent a little 
in advance of the centre of the charge, and called the forward vent, 
the chronoscope gave a maximum pressure of 20*4 tons, while the 
Rodman gauge gave maximum pressures in the powder chamber 
varying from 26*7 to 33*7 tons per square inch. In the same gun, 
under similar conditions, a similar charge of pellet powder gave, with 
the chronoscope, a maximum pressure of 19*2 tons per square inch, 
while the chamber pressures given by the Rodman gauge varied from 
41*6 tons to 49*2 tons per square inch. 

But perhaps more striking discrepancies were exhibited by two 
series of experiments with R. L. G. of Waltham- Abbey make, fired 
from the same gun, and developing in the projectile approximately 
the same energies. In the first of these series, with a charge of 20 lbs. 

red from a forward vent, the maximum chronoscope pressure was 
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13*3 tons, while the Eodman gauge gave pressures varying from 24*6 
to 38*9 tons per square inch. 

In the second series, all conditions being the same, except that 
the charge was fired from the extreme rear, the maximum chrono- 
scope pressure was 14*3 tons, while the Rodman pressure varied from 
31*6 tons per square inch to over 50 tons per square inch, that 
pressure being the highest which the instrument was capable of 
registering, every observation in this series with the gauge placed at 
the seat of the shot beiisg over fifty tons. 

Shortly afterwards the Eodman gauges were destroyed, two of 
them being blown from the gun. 

These discref)ancies led the Committee to investigate with certain 
13owders the variation in pressure indicated when a guage was placed 
at the surface of the bore and at the exterior of the gun, as with the 
Eodman gauge. 

For this purpose they used the crusher-gauge, which admits of 
being placed in both positions. 

With pebble-powder the gauge placed at the interior of the bore 
gave 14*5 tons; placed under precisely the same conditions at the 
exterior it gave 27 tons per square inch. With E.L. G. the similar 
figures were respectively 20 and 57 tons, and with L. G. respectively 
19*5 and 45*5 tons per square inch. 

The error I have just discussed was due to the position of the 
gauge ; but Eodman's pressures and the pressures of the Explosive 
Committee were exaggerated from another cause. It will be readily 
understood that if a pressure of, say, 20 tons per square inch be 
suddenly applied to a gauge, and if the resistance to the motion of 
the knife he initially trifling, a certain amount of energy will be 
communicated to the piston and knife ; and the copper when measured 
will indicate not only the gaseous pressure, but in addition a pressure 
corresponding to the energy impressed upon the piston during its 
motion. 

This cause of error can, however, be eliminated by producing 
beforehand by mechanical means a cut indicating a pressure a little 
less than that to be expected. 

Eodman admits that his chase pressures are erroneous ; their 
exaggeration is no doubt greatly due to the causes I have just pointed 
out; hut in my opinion, based upon long experience, no gauge of this 
description placed in the chase, where the products of explosion are 
moving with a very high velocity, can be depended upon to give 
reliable results. 
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■ If we disregard the energy of the moving products and suppose 
the gauge to be acted on by pure gaseous pressure, with a projectile 
moving at the rate of 2500 feet per second (and such velocities are 
now quite within the range of practical ballistics), the projectile 
would pass the entrance to the Eodman gauge in something like the 
part of a second. It is difficult to imagine that the full 
indentation could be given to the copper in this small fraction of 
time, and, if it were not so given, the gauge would indicate the 
pressure at a point considerably in advance ^f the gauge. 

On the other hand, if, as would generally be the tjase, the products 
of explosion moving at a high velocity acted on the piston, the energy 
of these products would be reconverted into pressure, and the gauge 
would in this case give too high a result. 

Major Eodman appears to have considered it impossible that any 
gauge could rightly indicate a pressure higher than that indicated by 
another nearer to the seat of the shot. This, however, is not so; 
nothing is more certain than that, with the powders known as 
'' Poudres brutales,” and, possibly, in a less degree with all ex];)losives, 
motion is communicated to the shot by a series of waves or impulses ; 
and it is easy to see that, if the position of a gauge coincided with 
the '' hollow '' of a wave, while that of a more forward gauge coincided 
with the “ crest,'’ the latter might easily show the higher pressure. 
Later on I shall revert to this point. 

The crusher-gauge is a modification of the Eodman gauge, designed 
to overcome some of the defects of that instrument, and it is now 

Fig. 2. — Crusher-Gauge. 



almost universally used for the direct measurement of pressure : it is 
shown in the diagram exhibited (Fig. 2), and its action is easily 
understood. The powder gases act upon the base of the piston,” com- 
ju’essing the copper cylinder; the amount of crush on the cylinder 
serves as an index to the maximum tension acting on the piston. It 


' MEASURING PRESSURE^^ THE BORES OF GUNS 49;^ 

is usual; where possible, to employ in each experiment two or throe 
gauges so as to check the accuracy of the determination. Properly 
used, very great confidence maybe placed in their results; but, as. 
may be gathered from my remarks on the Eodmaii gauge, this and all 
similar gauges will cease to give reliable inforniation as to the energy 
that can be impressed on a projectile, or as to the mean pressure on 
the surface of the bdre, if there be any probability of the products of 
explosion being projected into them at a high velocity. In such a 
case the pressure indicaied would not be the true gaseous pressure,, 
such as, for instance, would exist were the products of ignition 
retained in a vessel impervious to heat until the waves of pressure 
generated by the explosion had subsided. But I defer an examina- 
tion of the results given by the crusher-gauge until I compare these 
results with those given by the indirect method of deducing the 
pressure from the motion of the projectile within the bore. 

The method I have adopted for this purpose consists in register- 
ing the times at which a projectile passes certain fixed points in the 
bore of a gun. The chronoscope (Figs. 3 and 4, p. 498), which I have 
designed for this purpose has been so often described that I shall 
only here briefly allude to it. It consists of a series of thin discs 
made to rotate at a very high and uniform velocity through a train of 
geared wheels. The speed with which the eirciimferenee of the discs 
travels is between 1200 and 1300 inches per second, and, since by 
means of a vernier we are able to divide the inch into thousandths, 
the instrument is capable of recording the millionth part of a 
second. 

The precise rate of the discs’ rotation is ascertained from one of 
the intermediate shafts, which, by means of a relay, registers the 
revolution on a subsidiary chronoscope, on which, also by a relay, a 
chronometer registers seconds. The subsidiary chronoscope can be 
read to about the y^^^th part of a second. 

The registration of the passage of the shot across any of the fixed 
points ill the bore is effected by the severance of the primary of an 
induction coil causing a spark from the secondary, which writes its 
record on prepared paper gummed to the periphery of the disc. The 
time is thus registered every round at sixteen points of the bore. 

In the earlier experiments with this instrument the primary was 
cut by means of the arrangement shown in Fig. 5, and this was 
entirely satisfactory when velocities of from 1400 to 1600 feet per 
second were in question. But with the very high velocities now 
employed, with velocities, for example, between 2500 and 3500 feat 
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per second, the knife, instead-of being knocked down, frequently cuts 
a long groove in the cast-iron projectile, on some occasions reaching 
the driving band of the shot before being forced into its place. 


Wx0, S.—Oriffinal Apparatus for Cuttinsr Wire by Moviucr Shot. 



On account of this defect I have in all recent experiments adopted 
the arrangement shown in Mg. 6, which gives extremely satisfactory 
results, if care be taken that the plug is sufficiently secured to 


Fig. 6.— Improved Apparatus for Cutting Wire by Moving Shot. 



prevent its being forced out of its place by the rush of compressed 

air displaced by the passage of a projectile. 

I have ascertained by experiments which I need not here describe 
that the mean instrumental error of this ehronoscope, due chiefly to 
the deflection of the spark, amounts only to about three one-millionths 
of a second. 
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I must not conceal the fact that tlie determination of the pressiu’e 
hy this methcd is attended with very great labour. As an illustra- 
tion I have prepared a diagram (Mg. 7, p. 498) of a recent set of 
experiments. Usually the pressures are deduced from the mean of 
three iponsecutive rounds fired under the same circumstances. 

In this case, owing to the bore being clean, a much higher velocity 
was obtained from *the first round, and the velocities and pressures 
were therefore calculated both for the mean and independently for 
each of the three rounds. 

The first curyes represented in the diagram are the time curves. 
So far as the eye can see, the time curves in all cases pass through 
the observed points. From the time curves the velocity curves are 
deduced, and I have given for each velocity curve the observed 
velocities, so that the accordance of the computed curve with the 
observed velocities will be seen. The velocity curve being fixed, the 
pressure curve of necessity follows, and the diagram shows both the 
accordance of the two rounds fired under the same circumstances 
and the slight discordance in the forward part of the curve of the 
round with the bore clean is very distinctly shown. 

Comparing now the methods of determining the pressures which 
have been chiefly used in this country — I mean the chronoscope 
and the crusher-gauge — if the object sought be merely to determine 
the maximum pressure developed with the powders now generally 
in use, no instrument can be simpler than the crusher-gauge, and, 
when properly used, its indications may be taken as very approxi- 
mately correct, hut it cannot be relied on to give accurate results 
when placed in positions where the products of explosion are 
moving with a high velocity. 

The maximum pressures under the conditions I have supposed 
are very approximately confirmed by the chronoscope, as may he 
seen by comparing the pressures shown on the diagram giving the 
results as to pressure obtained with certain new explosives, to 
which I shall presently advert. As a general rule, it may be said 
that, where the powders are slow in lighting and no wave action 
exists, the chronoscope pressures are generally somewhat higher 
than those of the crusher-gauge; but the case is very different 
where the powder is of a highly explosive or quick-burning 
description. With such powders, not only are the crusher-gauge 
pressures greatly above those of the chronoscope, but the widest 
difference frequently exists between the pressures indicated in 
different parts of the chamber in the same experiment. The 
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pressures, moreover, are often greatly above those which would 
exist were the charge absolutely- confined in a close vessel. 

A very striking instanee may be cited from the early experi- 
ments of the Explosives Committee with a M. L. 10-ineh gun (Fig. 8). 
The first round was fired with a charge of 87^ lbs. Belgian Pebble, 
the charge being lighted in two. places. The maximum pressure 
with the ehronoscope was 26-2 tons. With the crusher-gauge the 
pressure in the chamber varied from 22'2 to 24‘8 tons per scjuare 
inch, while the energy developed by the ;^owder on the shot was 
6240 foot-tons. With the second round, all conditions being the 
same except that the charge was fired at a single point, the 
ehronoscope pressure was as nearly as possible the same; but the 
chamber pressure was, at the rear, Y9T tons; in the middle, 52-(} 
tons; at the seat of the shot, 39*5 and 48-0 tons per square inch. 


Fxo, 8.— Position ot Pressure Plugs in. 10 incli Gun. 

C 2 4 6 



A similar large excess of pressure was shown at points 1 foot and 
2 feet in advance of the seat of the shot, and the crusher-gauges 
did not show their normal pressures until points 5 or 6 feet from 
the seat of the shot had been reached. 

Yet with the violent difference in pressure shown between the 
crusher-gauges in this round and in the previous round (which I 
have just cited), the difference of energy developed in the shot 
was exceedingly trifling, being only 6249 foot-tons, as against 
6240. 

I believe I have expressed pretty clearly niy views that erushei - 
gauges placed in the chase are for absolute determination not of 
much value, and their main use, if used at all, is to give comparative 
results. But the same remark does not apply to crusher-gauges 
placed in the chamber. 

Gases moving at a high velocity in the chase are, so to speak, 
performing their proper funotion ; but the same is not true of those 
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violent waves of pressure in tlie cliamber which appear to 
accompany the explosion of all brisante powders, and which occur 
either when the projectile has hardly moved at all or when it is 
moving with a comparatively slow velocity. 

It is our object, and in this we have had great success, to avoid 
these waves as much as possible; and in attaining this end our 
indebtedness to the crusher-gauge is very great, as this instrument 
has made plain to us not only the extreme violence but the 
variability of these oscillations. 

I have heard it urged that these waves of pressure are, after 
all, not of high importance, because their maxima act at the same 
time only upon a very small section of the bore, and the continuity 
of the metal is amply sufficient to resist the stress. 

This is no doubt true, but it is not true of the base of the bore, 
which in modern guns is almost invariably a movable piece, and 
which under certain circumstances might have to sustain the full 
force of the violent pressures, a sample of which I have cited. 

To ascertain the mean pressure throughout the bore, it seems 
to me that there is no method so satisfactory, despite its attendant 
labour, as that of making the projectile write its own story. In 
that case we cannot fall into the error of making the pressures 
three or four times as great as are necessary to generate the energy 
the projectile has actually acquired, while occasional errors, due 
to causes I have not time to explain, are easily detected and 
eliminated. 

To give an idea of how great is the range of velocity over which 
these experiments have been carried, I exhibit here diagrams (Figs. 9 
and 10, p. 498) showing the velocities and pressures obtained with 
several of the new explosives which in recent years have attracted so 
much attention. Observe also how closely, with the exception of 
the one somewhat brisante powder, the results given by the 
chronoscope accord with those given by the crusher-gauge. Where 
these differ, as I have elsewhere pointed out, the two modes of 
research so widely different are complementary to each other. 

The chronoscope takes little or no note of the violent oscilla- 
tions of pressure acting during exceedingly minute intervals of time. 
On the other hand, if with the explosives I allude to we trusted 
to the indications of the crusher-gauge, we should arrive at a most 
erroneous idea of the energy communicated to the projectile. 

In concluding, if I may venture to quote the excuse of a much 
more eminent man than myself, I have only to express my regret 

, ^ 2 1 : 
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that I have not had time to condense the remarks with which I 
fear I have fatigued you, while at the same time I am aware that 
there are many important points in connection with my subject 
which I have left altogether untouched, and others upon which I 
have touched that require further elucidation. 
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Fig. 4. — Chronoscope Elevatioii 
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Fig. 7.— Chronoscope Observations from 6-inch 100-calibre Gun, 23 lb., E.L.G.2, and 100-lb, Projectile. 
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Fig. 9. — Chronoscope Velocity Cannes, 6-inch 100-caIibre Gun. 
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Fig. 10. — Chronoscope Pressure Curves, 100-calibre 6-inch Gun. 
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THE EISE AHD PEOGEESS OP EIPLED NAVAL 
AETILLEEY 

{Paper read at the Institution of Naml Architects^ 
Newcastle-upon-Tyne^ 1899.) 

At the last meeting which the Institution of Naval Architects held 
in this city, an invaluable paper by Lord Armstrong and Mr 
Vavasseur was read and discussed, and it appears to me that, using 
this paper as a landmark, it may be convenient, and not uninteresting, 
to give a brief sketch of the subject of my paper daring the fifty 
years of my connection with artillery, and to note the striking 
progress which artillery science, in common with other applied 
sciences, has made during the last years of the century now drawing 
to a close. 

In the paper to which I have referred. Lord Armstrong and Mr 
Vavasseur draw attention to the primitive carriages on which the guns 
of the first half of the present century were mounted ; but the 
guns themselves were nearly as primitive, differing in little, except in 
size and power, from those with which the fleet which met the 
<xreat Armada were armed. 

It is both interesting and instructive to compare the guns which 
in 1850 formed the principal armament of the most powerful frigates 
or line-of -battle ships, with the guns which now form the principal 
secondary armament of first-class cruisers and battleships. : 

In the year I have mentioned, and it will be remembered that 
within a short period the long peace which succeeded the Napoleonic 
wars was broken, the principal guns with which our ships were 
.armed were 32-prs. They were, we must admit, of very rude con- 
struction, mere blocks of cast iron, the sole machining spent upon 
them being the formation of the bore and the drilling of the vent. 
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TRe velocity of the shot was about 1600 feet per second, and the 
energy developed in it by the charge was about 570 foot-tons. 

The carriage upon which this rude gun was mounted was even 
more rude. It was made, as described by Lord Armstrong and Mr 
Vavasseur, entirely of wood; generally, in later years, of teak or 
mahogany. It was carried on wooden trucks, or sometimes the rear 
trucks were replaced by a chock. The recoil was "^controlled by the 
friction of abnormally large wooden axles, and sometimes by wedges 
acting on the trucks, and was finally brought pp by the breeching by 
which the gun was attached to the vesseFs side. Tlje elevation was 
fixed by quoins resting on a quoin bed, and handspikes were used 
either for training or for elevating. For the running out, at the date I 
have mentioned, blocks and tackle were generally employed. 

To work, with any degree of smartness, such rude weapons, a very 
strong gun’s crew was necessary, and, indeed, the gun and its 
carriage were absolutely surrounded by its crew. For the sake of the 
younger members present, who may probably not have seen the 
weapons I have been describing, I show in Plate I. ^ (p. 520), a 
32-pr. gun of H.M.S. with its crew at practice. 

In the year 1858 the first great step in artillery progress was 
made. In that year the Committee on Rifled Cannon recommended 
the introduction of the rifled Armstrong guns into the service, and 
the experiments which were made with these and other rifled guns 
opened the eyes of all who gave attention to the subject to the great- 
advantages possessed by the new artillery. 

With regard to range, accuracy, and penetrative power, the 
superiority of rifled guns was so conspicuous that nearly all artillerists 
were at once convinced that the days of smooth-bored guns were 
numbered. The advantage in range at high angles of elevation at 
first excited some surprise, as the velocity of the projectile was, from 
causes to which I shall later advert, very much lower than in the 
case of the smooth-bored guns. 

Comparing, for example, the velocities and energies of the 32-pi\ 
smooth bores, to which I have adverted, and the 40-pr, R. B. L. guns, 
which, on the introduction of rifled guns replaced them, the com- 
parative muzzle-velocities were respectively 1600 and 1200 feet per 
second, and the comparative muzzle-energies respectively 570 and 400 
foot-tons. It is hardly necessary to point out that at comparatively 
short distances the superiority of the rifled gun, both in regard ta 
range and penetration, manifested itself. 

* From Sir Howard Douglas’s Naml Gumer^. 



'RISE AND PROGRESS OF RIFLED NA¥AL ARTILLERY 501 

But in these early days of rifled artillery, the point which 
attracted most attention was the great increase of accuracy. The writer, 
in using the method of Least Squares '' to determiue the relative 
accuracy of rifled and smooth-bored guns of approximately the same 
weight, showed that, at a range of 1000 yards, half the shot fired 
from a rifled gun fell in a rectangle of about 23 yards long by 1 yard 
wide, while in themase of the smooth bore the similar rectangle was 
ubout 145 yards long by 10 yards broad. 

The objection to 4he use of iron and steel as a material for 
carriages was shown by careful experiment to be founded on prejudice, 
and the introduetion of iron carriages has been so fully described in 
the paper by Lord Armstrong and Mr Yavasseur that I need not 
here further refer to it. 

I have alluded to the reduction in velocity of projectiles fired 
from rifled guns when these weapons were first introduced, and this 
reduction arose from two causes. First, because the flatness of the 
trajectory and increased penetrative power of rifled projectiles at 
long ranges were at first supposed to be sufficient ; and, secondly, 
because the numerous failures of rifled guns, with the materials and 
modes of construction then in vogue, rendered artillerists cautious as 
to the stresses to which rifled grins, especially those with deep 
'grooves, were subjected. 

But the battle between guns and armour rendered it a matter of 
first-rate importance to increase the potential energy of our rifled 
guns, and the first steps in this direction were made by the Explo- 
sives Committee, who, by their experiments, showed that, with 
improved forms of powder, the velocities, which had generally run 
between 1200 and 1300 feet per second, could, in the same guns, 
be raised to 1600 feet per second, the increase in velocity being at the 
same time accompanied by a very considerable reduction of maximum 
pressure. 

But perhaps the most important step was made by my firm, who, 
acting upon certain experiments carried out at Els wick, and which 
formed the subject of memoirs by myself and Sir F. Abel, made, in 
1877, 6-ineh and 8-inch guns, with which, while the maximum 
pressures remained the same, the velocities of the rifled projectiles 
were at a single bound raised from 1600 to 2100 feet per second, 
thereby increasing the energies by nearly 75 per cent, and immedi- 
ately another reconstruction of guns and their mountings became a 
necessity. 

At the same time, from the increase in the length of guns, which 
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fclie slow-buriiing powders and high energies then introduced de- 
manded, a return to breech-loading from' the somewhat retrograde: 
change to muzzle-loading, which had some years before been adopted^ 
was also necessitated. 

Nearly all these breech-loading guns were arranged for velocities, 
somewhere about 2000 feet per second, the mountings also were^ 
greatly improved; btit it is unnecessary for me here further to allude 
to these improvements, as they have been fully described in the 
paper by Lord Armstrong and Mr Vavasseuir, to which I have so 
often referred. ^ 

At about the date of that paper, however, experiments were being 
made in three directions, the whole of which experiments were 
destined to have a most important bearing on the progress of naval 
artillery. The first of these had reference to the question as to 
whether gunpowder, which had since the days of Roger Bacon, that is 
for nearly seven centuries, no serious competitor as a propelling 
agent for artillery purposes, was to retain its pre-eminence. 

The second was due to my own initiative. Seeing the great 
advantages that had attended the introduction of the small rifled 
guns designed by Hotchkiss and Nordenfeldt, my firm had con- 
structed 4*7-inch and 6-inch quick-firing guns, and submitted them 
to the Admiralty. The success of these guns, both in our own and in 
foreign navies, was rapid and complete ; and it is not too much to 
say that, for cruisers and the secondary armaments of battleships^ 
their adoption amounted to another reconstruction of artillery. 

The third series of experiments were on the question of the 
introduction of high explosives as bursting charges for shell— a 
question of great importance, both in an artillery point of view, and 
as affecting naval construction. 

With reference to the first of these questions, it is unneeesary to 
tell you that the long pre-eminence of gunpowder has come to an 
end. In this country, for artillery purposes, it has been replaced by 
the cordite of Sir F, Abel and Professor Dewar, and this explosive 
has also been used extensively abroad. Many other nations employ 
ballistite or kindred explosives, giving results generally similar, but 
having a somewhat less potential energy. Having spent many years 
in experimenting on gunpowder, I cannot quit that interesting 
subject without regret; but, as I have also experimented largely 
with cordite and other kindred agents, I am obliged to confess 
that the new explosives have many and great advantages. The 
absence of smoke, and an increase of energy, with the same maximum 
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chamber pressure, of about 50 per cent., are advantages much 
too great to be overlooked. There is one point, however, to wHeh I 
ought to allude, and which is, I believe, at present exercising the 
minds of the authorities to a considerable extent. I mean the rapid 
destruction of the bores due to the erosion by cordite. It must be 
borne in mind, however, that if taken in relation to the energy 
developed, the erosion of cordite differs but little from that of brown 
prismatic powder, which is also very erosive, and gives rise to erosion 
of a much more objectionable character. Erosion is, in my opinion, 
caused by three factors — the heat of combustion, the pressure, 
and the motion of the products of combustion — not to any chemical 
action. This view is borne out, not only by my numerous experi- 
ments on this subject, but by the state of the surface of close 
vessels in which large charges have been fired, and by the examina- 
tion of the chambers of guns from which a large number of charges 
have been fired. 

In the forward part of the chamber, where the gases are in rapid 
motion, the erosion is decided; but in the rear of the chamber, where 
the temperature and pressure are highest and longest continued, but 
where there is little or no motion, there is no trace of erosion. Let, 
however, but a slight leakage past the pad occur, and the effects of 
erosion are immediate and decided. 

The object, then, at which we have to aim is to diminish the 
temperature of explosion, and I am not without hopes that this 
greatly-to-be-desired end may before long be achieved. 

The velocities obtainable with cordite are very high. There 
would be no difficulty, should it be desired, in approximating with 
ordinary projectiles to 3000 feet per second; but, for many reasons, 

I consider very high velocities objectionable, and, if a given energy 
be required, would prefer to see it represented by a lower velocity. 

I may here mention that, with a lOO-calihre 6-inch gun, and with a 
projectile of the dimensions of the ordinary 6-ineh projectile, hut of 
aluminium, I have obtained a muzzle velocity of close upon 5000 
feet per second. 

Turning now to the quick-firing guns, I think it will be most 
convenient to consider the guns themselves in connection with their 
mountings; because these last, when rapidity of fire is in question, 
are quite as important as the arrangements of the guns themselves. 

Early in the year 1887, the gun and mounting shown in Plates 
IV. and V. (p. 520) were submitted for trial on board H.M.S. 

The gun was the first mounted on the Elswick cradle, having the 
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TeeoiLpress and spring box beneath the cradle, the piston rods and the 
attachments for compressing the springs during recoil being fixed to 
a horn on the giin. The weight of the gun and mounting was taken 
on balls under the pivot, and the mounting and shield were carefully 
balanced. The whole weight of the gun and mounting was about 
4 tons 12 cwt, and it could be trained quite easily by the shoulder, 
no gear being used. The sights were placed on the cradle, and did 
not recoil with the gun. No. 1 could with ease train with the 
shoulder-piece, work the elevating gear, lay, and fire by means of an 
electric pistol. During the operation he was quite clear of the breech, 
and could keep the gun pointed continuously on the object. 

With this gun and mounting a very great advance in rapidity 
of fire was obtained. The breech mechanism was of the three-motion 
type, and was very quick and handy ; but the great speed was 
obtained by the careful design of both gun and mounting, in such a 
manner that the movements of one did not interfere with those of 
the other. At the trial above mentioned ten rounds were fired in 
471 seconds, and later as many as fifteen rounds per minute were 
obtained. An intei’esting incident connected with this gun and 
mounting may be mentioned. The gunboat Mastiff was ordered to 
fire ten rounds as rapidly as possible from her service 5 -inch B, L. 
gun. The time taken for the ten rounds was 6 minutes 16 seconds, 
so that the quick-firing gun fired its ten rounds before the then 
service gun fired its second shot. 

About the same time a great improvement was made in the mode 
of mounting of the smaller 3-pr. and 6-pr. quick-firing guns. Up to 
that date they were mounted on crinoline, or so-called elastic, stands ; 
but, with this pattern, the strains on the decks and holding-down 
bolts were very severe. The mounting shown in Plates VI. and VII. 
(p. 520), in which the gun recoils in the line of fire, was submitted 
for trial at Portsmouth, and proved itself so successful that it was 
at once adopted in our own and many other navies, 
i In 1890 an important improvement in quick-firing mountings was 
introduced, viz., the pedestal mounting shown in Plates VIII. and 
IX. (p. 520). The cradle is of the same type as that of the 4Y-inch 
quick-firing gun above mentioned. The^arriage is of forged steel in 
the form of a “ Y,” having a long shank which fits into the pedestal 
and forms the pivot. The whole weight is taken on the end of the 
pivot, and the mounting can be trained, with ease by a few pounds 
applied at the shoulder-piece. The pedestal is very solid, is of forged 
steel, and affords excellent protection to the pivot; the base is also 
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«mall, and, there being no rollers or roller-paths, the deck may be 
considerably distorted without interfering with the working of the 
■piece.' 

The shield is of a very substantial character, 3 inches thick, and 
perfectly balanced ; it is attached to the carriage by means of flexible 
stays, so arranged that, if the shield be struck, the stays yield, and a 
very reduced shock is transmitted to the carriage. 

This mounting was the first to be fitted with the bar and drum 
'^ight, also shown on PJates VIIL and IX. (p. 520). 

In 1891 an#experimental mounting of this type was made for a 
■4*7“inch gun. It was fitted with a 3-inch shield with sloping roof, 
carried by yielding stays, and with this mounting a firing trial was 
carried on to compare its resistance to injury with that of a centre 
pivot roller-path mounting, in which a shield 3 inches thick formed 
an integral portion of the mounting, which had in addition an outer 
.shield l-|-inch thick. The latter mounting was disabled after two 
rounds, one each from a 3-pr. and a 6-pr. This trial showed con- 
clusively that steel castings, although giving excellent tests, could 
not withstand a severe blow from a projectile. The pedestal mount- 
ing received no less than twelve rounds before it was disabled, four 
from a 3-pr., six from a 6-pr., and two from a 4'7-inch gun; and it 
would not then have been disabled, had the pedestal been made, as 
they are now, of forged steel. In the experimental mounting the 
pedestal was of plate and angle ; the last projectile fired penetrated 
the pedestal and jammed the pivot. Even then the damage was not 
■serious, and could have been rectified in a few hours, but with this 
exception, the mounting in all other respects was as good as ever. 

This type of mounting for guns up to 6-inch calibre is now 
•almost universal in our own and many other services. 

In Plates X. and XI. (p. 520) are shown a 6-inch mounting of the 
latest type as arranged for a casemate between decks. It differs 
chiefly from those previously described in having training gear fitted 
•on both sides, and in having a special arrangement made for removing 
the balls which form the bearing at the base of the pivot from the side 
instead of from below. A small jack is provided to take the weight 
cf the gun and mounting, and in a few minutes the balls can be 
removed, examined, and replaced. The arrangements permit the gun 
to be elevated through the whole angle of 22° in 11 seconds, and to be 
trained through the whole angle of 120° in 16 seconds by one man. 

An important improvement in the cradles for 6-meh and larger 
iiiouii tings was the result of a trade dispute. In 1894 a strike of 
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moulders took place. The cradles up to that date had been made of 
east steel, and, as at Elswick, considerably more than 100 mountings 
were stopped for want of cradles, it was determined to substitute 
forged for east steel. A new design was consequently made, and a 
much more satisfactory cradle, lighter and more reliable, was pro- 
dueecl. At Elswick cast-steel cradles are not now made, unless 
specially ordered. 

I am now in a condition to make the comparison referred to in 
the opening sentences of this paper. In Plale III (p. 520), I have 
placed side by side diagrams of the 6‘3-inch 32-pr. of4850 and of the 
6-inch 100-pr. of the present day, while Plates I. and IL (p. 520) show 
the crews necessary to work the guns. You will observe the diagrams 
give the pressures, velocities, and energies of the two guns. The velo- 
city and energy given by the 32-pr. are, respectively, about 1600 feet 
per second and 570 foot-tons. The corresponding figures for the 6-inch 
Q. F, are 2570 feet per second and 4580 foot-tons. But the rapidity 
of fire and accuracy of the modern gun are even more remarkable. 

Most of you are doubtless aware of the conditions under which 
target practice is carried on in the navy. Each gun's crew has. 
3 minutes to fire as many rounds as they can with accuracy, the 
variable range commencing at about 2200 yards, diminishing to about 
1600 yards, and again increasing to 2200 yards. In H.M.S. BMcs’ 
the best guiTs crew fired eighteen rounds, hitting the target fifteen 
times, while the total number of rounds fired by her ten guns was 
one hundred and forty-eight, the target being hit one hundred and 
ten times. H.M.S. Boyal Arthur did nearly as well, the best gun 
having fired eighteen rounds, striking the target fourteen times. 

In Plates XII. and XIIL (p. 520) are shown two systems of dis- 
mounting gear for 6-inch guns. The bogie system is used for the upper 
deck, or for casemates where it is not necessary to run the gun back for 
stowing. It is only used for purposes of examination, and is found to 
be very convenient. One pair of bogies is usually supplied per ship. 

The between deck dismounting gear is shown on the same plate. 
It consists of a lever L mounted on rollers on an overhead rail, which 
can be run backwards or forwards by means of an endless chain on a 
sprocket wheel, worked by means of worm gear and hand chain as 
illustrated. The lever L is readily attached to the cradle at about 
the centre of gravity, and the screw J to the breech end. Then, by 
means of the capstan head, the lever L takes the weight of the gun,, 
and gun and cradle are run back together, rested on chocks, and 
secured as shown. This system of dismounting gear has been 
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rendered necessary from the great projection of the muzzle when 
guns are mounted on the broadside, due to the length of the guns- 
The time occupied from commencement to ^'gim secured ’his about 
4 minutes, and from casting loose to gun in firing position, about 
3 minutes. 

The above arrangement is that now in the service, but a new 
design has recently been made, fitted up, and experimentally tried at 
Els wick. From the results of these experiments, it seems probable 
that the above times *will be reduced to something between a half 
and a third of those I have mentioned. 

Plates XIV. and XV. (p. 520) show an 8-ineh 0. P. mounting for 
swift cruisers. The man at the sights can look over the top of the 
shield, thus commanding a good field of view, his head being protected 
l)y a hood. Electric and auxiliary hand training gear is provided,, 
either of which can be applied at once, should the other be disabled. 
Tlie elevating gear is worked entirely by hand, the trunnions being 
mounted on Mr Brankston’s anti-frietion arrangement, with knife 
edges supported on springs to relieve the shock when the gun is fired. 

So easily does this gear work, that one man can elevate or depress 
the gun at the rate of 2° per second. With the hand training gear 
one man can train the mounting through 60° in 25 seconds, and with 
the electric gear through 180° in 30 seconds. The shield is inches 
thick, and is supported on elastic stays in the usual manner. The 
powder-supply is brought up the centre, and is delivered at the side 
under cover of the shield. The axial hoist for this purpose is shown 
in Plate XVI. (p. 520), and is so arranged that, when one charge 
is going up, the empty case is going down, thus effecting a great 
saving of time and labour, as the weight of the two cases balance 
each other, and there is thus only the actual weight of the charge 
to lift. Four rounds have been fired in a minute from this gun. 

In 1889 Mr Vavasseur and the writer submitted to the Admiralty 
the design of a mounting so arranged that the gun could be fired at 
all elevations up to 35° or 40°, the firm having been requested by a 
foreign government to consider whether ox not such an arrangement 
was feasible. 

The naval authorities w^ere much pleased with the design : but, 
as the arrangement was altogether novel, it was not unreasonably 
stipulated that, before it could be introduced into the service, its 
success must be proved by an experimental mounting being made, 
and by passing a satisfactory firing trial. 

My firm agreed to the stipulation, and a high angle mounting for 
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^ 9‘2-iaeli gun was made at Elswick at the fir^l^s expense, and fitted up 
in Sandy. It passed a most satisfactory firing trial in April 1890. 

The total weight of the gun and mounting was 54 tons, and it 
could be trained quite easily by hand i^ower. The gun had a range 
of elevation from 5° depression to 40° elevation, and an arc of 45 '’’ 
could be traversed in 30 seconds by one man. At the trial, rounds 
were fired at angles varying from 5° depression td^ 39° elevation, and 
the results were most satisfactory. The range of three of the rounds 
at 39° was estimated to be about 10 miles, but* the shot could not be 
seen to strike the water. 

In this mounting the slide was horizontal, and the carriage was of 
the Vavasseur type, the recoil-press and carriage being in one piece of 
forged steel; the gun consequently, did not recoil in the line of fire, 
but horizontally, and was returned to the firing position by means 
of springs, the force of the springs being regulated by means of a 
controlling ram in the recoil-press. Illustrations of this type of 
mounting are shown in Plates XVII. and XA^III. (p. 520). A con- 
siderable number of vessels, chiefly in foreign navies, are fitted with 
this form of mounting. 

Plates XIX. and XX. (p. 520) show the type of armoured gun- 
house arranged for the very powerful Chilian cruiser O' Higgins. This 
mounting affords excellent protection to the gun’s crew, having 
8-ineh armour in front, and 5-inch on the sides and rear ; the trunk 
for the supply of cartridges being also protected by 5-inch armour. 
The gun and mounting can be trained either by electric gear or by 
hand power. A store of projectiles is carried in the gunhouse for 
ready supply. The cordite charges come up the central trunk Ijy 
means of a hydraulic motor ; arrangements are also provided for 
bringing shell up this trunk to replace the ready supply. 

Plates XXI. and XXII. (p. 520) show the type of twin-armoured 
gimhouses supplied to several Japanese cruisers. The following 
points may be mentioned. The training gear can be worked by 
hydraulic, electric, or hand power. Sighting gear for both guns is 
supplied to both sighting stations, and the mountings can be trained, 
and both guns elevated or depressed, from either station. A good 
supply of projectiles is carried in the gunhouse (30 per gun), and an 
electric bollard is provided to enable this supply to be replaced. The 
cordite is supplied through a central trunk, protected by an armoured 
barbette. 

The armour of the gunhouse is attached to the turntable by means 
of elastic stays. 
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Before passing to tlie arrangements connected with the guns, 
which form the principal armament of battleships, I maj mention a 
discussion which illustrates in a stril^ing manner how widely sepa- 
rated are the ideas held by those who now rule the Queen's Nary and 
by those who held a similar position forty years ago. About that 
time I was secretary to a long-forgotten committee, called the 
''Committee on Plates and Guns/' and among the subjects discussed 
was the design of a rifled gun of 7 tons weight The naval 
authorities, however/ »Yere very strong in insisting that no gun 
weighing more ihan 6 tons could be safely carried on board ship,, 
and I believe that the weight selected for that extraordinary weapon 
called the “Somerset Gun" was due to a compromise between the 
weights I have mentioned. 

Turning now to guns of larger calibre, I propose to draw attention 
to some of the designs of the last twelve years. At the beginning of 
this period was designed the Eg Umherto, with two barbettes, each 
having a pair of 13|-inch 68-ton guns. The mounting of these guns 
is principally noteworthy, because of two features wdiich have again 
come to the front in more x’ecent ships, viz. : what is known as all- 
round loading of the guns, which, in the Be Umherto, were protected 
by a circular barbette, and the provision of what is known as a 
working chamber below the turntable, into which depend, from the 
rear of the gun, hoists which are charged from this working chamber, 
the charges being first brought up by a central hoist terminating at 
the floor of the working chamber. As will be seen from Plates 
XXIIL and XXIV. (p. 520), the guns had trunnions, partly in order 
that they might be also available for land service. They were 
exactly balanced on these trunnions, in order to reduce the work of 
elevating and depressing the guns (which in this design is entirely 
done by hand) to a minimum; that is, so far as the work of liftings 
weight is coneenied. 

To reduce the work of overcoming the friction of the trunnions,, 
a special device is placed under the trunnion of the gun between the 
plates of each cheek of the carriage. It consists of the arcs S, 
supported on the spring T, Plate XXIV. (p. 520). The springs are. 
made powerful enough to lift, say, 98 per cent, of the weight of the gun, 
so that, although the gun is not thereby lifted off the usual trunnioii 
Ixearing in the carriage, the majority of the weight is transferred to. 
the rolling surface of the arc XJ, and to its point at W, where tho 
knife-edge friction is insignificant. The recoil-presses are mad© on 
the Vavasseur principle. The piston rods pass out of their cylinders 
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.at opposite ends, and are attached to the gun slides, so that one may 
be used as a means of running the gun out, and the other he used for 
running it in. The hydraulic pressure for this purpose is passed to 
and from the cylinders by means of a passage drilled up the centre 
of each piston rod, so that the connection of the hydraulic system is 
only made to that end of each cylinder which never receives a high 
recoil pressure. * 

The ammunition hoists behind the gun are carried upon the 
•centre girder of the turntable to which they* guides are attached. 
The powder-tube is inclined at the loading angle, «and is partially 
blocked up at its bottom end, so that the powder when passed into it 
may not slide too far through. The powder-charge, delivered by the 
•central hoist, is passed over by hand in separate parts to this tube. 

The shot trough is also fixed at the loading angle, and is pivoted, so 
that it may be slung round to receive the shot from the central hoist. 

The cylinders for working these amniunition hoists are telescopic, 
the smallest ram having insufficient power to lift the powder and 
:shot, so that it is not till after the shot is rammed into the gun that 
the hoist has power to lift the cage to the height required for 
Tamming the powder home. 

The breech mechanism is hydraulic, and is carried in the turn- 
table within the protection of the armour, so that, although the guns, 
■as will be noticed, are almost entirely exposed, there is no very 
vulnerable part about them. 

The central ammunition hoist passes up from the shell-room and 
magazine passages to the battery through an armoured tube. The 
cage is almost cylindrical, and is provided with a turntable top. 

Before sending the hoist down to receive the charge, it is necessary 
to turn this table top into one particular position, and this position 
will present the shell and powder receptacles in the correct direction 
for charging the hoist down below. 

If, when the hoist comes up with the charge, it is found that tlie 
gun is so trained that the rear hoist is not in line with the centre 
Loist, the turntable top can be revolved to the proper position, and if 
the gun turntable is in motion the hoists can be locked together 
while the shot is passed through from one to the other. 

The trial of this mounting took place on 26th April 1893, and 
later on those of the Sicilia and Sardinia, which were of the same 
design. 

^ Six ships of the Royal Somreign class had their guns mounted in 
•oval barbettes with one fixed loading station. These guns also were 
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almost entirely devoid of armoured protection. Then came tLe desire 
to have a second or alternative station for loading, together with 
breech mechanism carried on the gun, and armoured shields protecting 
as much of the guns as possible, which found expression in the design 
shown on Plates XXV. and XXVL (p. 520). 

This design, like some of the earlier ones, had a single fixed load- 
ing station, but had an important alteration to the hydraulic loading 
rammers. These were made with a trough, attached to and moving 
with the second, or larger, ram. 

The ammunition cage, instead of coming up between the rammer 
and the gun, was placed alongside the rammer, so that the shot and 
powder charges could readily be rolled out into the trough carried by 
the rammer. Moreover, as this trough advances towards the gun it 
acts as a locking bolt to secine the gun turntable in position, and then 
to secure the gun-slide in position, and finally it bridges over the 
breech-screw threads in the gun. 

The smaller ram of the rammer next advances, pushing the 
charge from the trough into the gun. This arrangement removed all 
fear of damage to the rammer by movement of the ammunition cage, 
training of the turret, or depressing the gun. 

For the alternative method of loading, the gun was placed in line 
with another hydraulic rammer fitted at the rear end of the gun shield 
where space was allowed for a small chamber, giving room to work 
projectiles from a small bin to a trough in line with the rammer. 

This loading gear can, of course, be used in any position of train- 
ing of the guns. 

A concurrent advantage of the shield is that the sighting hoods are 
placed well above the guns, thereby giving a better all-round view. 
At the same time, however, it should be noted that the men at the 
guns are not so well protected, and there is a possibility that they 
may suffer from small projectiles entering at the gun ports. 

The ships fitted according to this design are seven, of the Majestic 
class, also the Japanese ships Fugi and Tashima. The last five of the 
Majestic class might have been fitted with all-round main loading 
positions, had it not been, I believe, that the frames for the oval bar- 
bettes were well advanced, and it was feared that any alteration of 
design might cause delay. 

The Canopus mounting, designed at Openshaw, was therefore the 
first for the English Admiralty to be carried out with all-round 
loading. 

I regret that time has not allowed me to have lithograph drawings 
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of this prepared. The chief feature is the provision of a roomy work- 
ing chamber below the gun turntable, into which the powder and 
projectiles are brought by suitable central hoists. These hoists are 
fixed in relation to the ship. In order to transfer the shot to the 
gun hoists, hydraulic cranes are fitted. 

Also in the working chamber there are shell bins holding twenty- 
four rounds per gun, which are also commanded by the hydraulic 
cranes, and these shell bins could all be exhausted first, and be 
replenished by the central hoists at leisure. 

There is no doubt some disadvantage in having t\ 3 ^o sets of hoists, 
the central ones and those behind the gun, as it involves an additional 
set of operations to transfer the charges from one to the other; but 
against this must be set the fact that, having a large store of pro- 
jectiles immediately under the gun turntable, an ordinary action 
might be fought before this store could be used up, so that the central 
hoists might never be required for use during the action. We have 
indeed brought forward the idea that, by still further increasing the 
storage of shell below the turntable, the provision of central shot 
hoists and shell-rooms at the bottom of the ship would be unnecessary. 

I am assured by my colleague, Mr Watts, the Chief Constructor 
at Els wick, that, although it might not be possible to carry out this 
idea in existing ships, there would be no difficulty in designing a 
ship to meet this requirement, and I would point out that there 
would be a considerable total saving of weight if the central hoists 
and the shell-room gear could thereby be dispensed with. This is, 
perhaps, particularly observable in the next 12-inch design to which 
I now draw your attention, and wdiich is shown on Plates XXVII., 
XXVIIL, and XXIX. (p. 520). 

This mounting is fitted with a pair of main hoists, each carrying 
a projectile and powder-charge from the bottom of the ship to the 
rear of the guns. It also has, as an alternative, a pair of shot- 
hoists reaching from the bottom of the ship to the rear of the 
gun shield, and arranged to deliver or pick up shot from the working 
chamber. 

- These latter hoists work either by hydraulic power, or alter- 
natively, by hand. Also a pair of powder hoists reaching from the 
bottom of the ship to a platform placed between the two guns ; these 
work by hand only. In addition, it is provided that either shot or 
powder can be hoisted from below to the working chamber by hand 
tackle as a last resource. 

Very great precautions are, therefore, as you see, taken to make 


RISE AND PROGRESS OF RIFLED NAVAL ARTILLERY 513 

sure that the projectiles stowed below can be brought up to the gun. 
Nevertheless, three rounds per gun are stowed in the gunhouse, and 
eight rounds per gun in the working chamber. 

The weight of gear for transporting shell in the shell-room and 
the weight of the shell hoists and their gear is about equal to 54 tons 
per ship, or equal to half the weight of the projectiles stowed in the 
shell-rooms. 

In order to charge the main hoists a revolving platform is pro- 
vided in the shell-room, having on each side trays for carrying a 
couple of projeotiles. This revolving platform is first locked in one 
particular position to the ship, and shell are placed in the trays by 
•overhead tackle in the shell-room. The platform is then unlocked 
and moved to whatever position is necessary to bring the shot trays 
■opposite the hoist doors. It is then locked to the hoist trunk until 
the shot are required to be passed into the hoist cages. 

To manage this heavy platform in a seaway, it has been thought 
necessary to revolve it by hydraulic engines. These platforms and 
the gear for working them have a total weight per ship of 9 tons. 
The alternative method of charging the hoist cages, which I myself 
prefer, shown on Plates XXX. and XXXI. (p. 520) and Figs. 1 and 2, 
Plate XXXVa. (p. 520), and which is being fitted to four Japanese 
•ships, is by a pair of overhead circular rails, the outer one of which 
is fixed to the ship and the inner one to the trunk of the hoist. 
A small four-wheeled chariot runs upon these rails. The point of 
.suspension of the supporting tackle carried by this chariot can be 
shifted so as to throw the weight entirely on the one rail or the other. 

While picking up shot on the ship the load is on the wheels which 
run on the fixed rails. The suspension point is then shifted to throw 
the load on to the moving rail, so that, while the shot is being placed 
in the hoists, any movement of the hoists carries the projectile with 
it. I have already referred to the danger, which I consider exists, of 
small shot entering the gun ports. In these four ships this is met 
by providing on the top of the gun a port protector, indicated at A, 
Plate XXXIII. (p. 520). Alternative electrical training gear, con- 
trolled and worked by the same hand-wheel as is ordinarily used for 
the hydrauho training, is also being fitted for these Japanese ships. 

The design for the Forniiddble and three sister ships, Plate XXXII. 
<p. 520), also has a working chamber below the gun turntable, and a 
pair of hoists in the rear of the gim. The central hoists are contained 
in a cylindrical casing, 6 feet 6 inches diameter, extending from the 
under side of the working chamber to witliin 2 feet of the ship’s bottom. 

' 2 K 
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This casing iwolves with the mounting, and contains a pair of shot 
hoists and a pair of powder hoists. 

The bottom of the casing is fitted with rails/on which a pair of 
bogies carrying shot trays, can run. These are arranged to be locked 
to the ship wliile being charged, and to the hoist easing while dis- 
charging into the shot cage. 

The shot on arriving at the working chamber *are automatically 
rolled out into an inclined trough leading to the gun hoists. 

A new departure in this design is the loading of the guns at an 
elevation of only 4|° I believe there is an irnpressicHi that time can 
be saved if the guns can be loaded at any angle without coming to a 
fixed position. If, however, the gun has to be washed out after each 
round, it would have to be placed at about 4"^ or 5° of elevation, to 
allow the water to run out of the chamber. This, and the provision 
of something to catch the water, seems to make it desirable to place 
the gun on a stop at this position. On the comparatively rare 
occasions when more elevation is required, the stop can be easily 
removed. 

In the design of mounting shown on Plate XXXIII, (p. 520) for 
the Japanese ship Mihasa^ the outer casing of the hoists is built water- 
tight at the middle, lower, and platform decks, each of which will 
therefore be strengthened and bound together. The interior and 
bottom portions of the hoist are practically the same, and revolve 
within the fixed casing. This design of hoist is also adopted for tlie 
Italian ships Regina Margherita and B. Brin. 

On Plate XXXII. (p. 520) is shown a chain rammer. About the 
use of these chain rammers there is some difference of opinion among 
authorities. In a fixed loading arrangement it is quite possible that 
a chain rammer might be advantageously used to save room by 
reducing the lengths of the oval barbette ; but, as now applied to all- 
round loading arrangements, its use appears to me to be doubtfiiL 
In the hydraulic rammer we have a machine placed in a line with the 
work to he done, and making a stroke in a straight line, so that 
nothing more direct-acting could be devised for the purpose ; and I 
confess, nnder the existing circumstances, I fail to see the advantage 
of a mechanism which first converts rectilinear motion into circular 
motion, and then converts the circular hack again to rectilinear. 
Moreover, the hydraulic rammer shown on Plate XXXIII. (p. 620), 
in a similar position to that occupied by the chain rammer, is made 
up of far fewer pieces, and weighs only one-fourth as much as 
the chain rammer of similar power. 
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I have gone rather fully into the central hoist question, because, 
when the all-roimd loading of guns is to be arranged for, the difficulty 
at once presents itself of how to get the projectiles and charges 
transferred from the ship to the gun turntable, not only in every 
position the latter might take up in relation to the ship, but also 
while the gun turntable is moving or is liable to be moved at any 
'.moment.. 

You will notice that in the Re Umlerto t\\i^ difficulty is met by 
using a turntable top %o the central hoist, and sliding the projectiles 
radially outwards into the gun hoists. In the CcmopuSj by the 
employment of overhead travelling cranes placed above the central 
hoists; in the" Alhion, hj surrounding the bottom of the ammimition 
trunk by a revolving platform running on rails on the ship’s bottom, 
and capable of being locked either to the ship or the hoist trunk ; in 
the Shildsliima, by using a double overhead rail, half of which moves 
with the hoist and the other half a fixture to the ship ; and in the 
Formidable, by having two shot carriages running on rails carried at 
the bottom of the trunk of the hoist. 

There are objections to each of these systems, and perhaps they 
all make too much of what is, after all, a very simple matter. If the 
hoist cage carrying the projectile can be made to vary its position 
according to the training of the gun during its ascent from the shell- 
room all difficulty will be overcome. I wish, therefore, to draw your 
attention to the design in Plate XXXIV. (p. 520), due to my friend 
Mr Murray, which accomplishes, I think, exceedingly satisfactorily 
this end. 

In this design there is a small fixed central trunk, 2 feet 9 inches 
outside diameter, which forms a strong pillar guide for a pair of 
ammunition cages. The back of each ammunition cage is curved to 
fit partially round this pillar. There is also an outer trunk of about 
6 feet 6 inches diameter built to the ship. This outer casing is 
smooth inside, and the ammunition cages are prevented from falling 
away from the central pillar because their outer edges are in contaet 
with the outer casing. It will thus be seen, as the cages move up 
and down, they could be slewed round the pillar or travel up it in a 
spiral line. 

In order to make the cages follow the desired path, the central 
pillar is clasped at convenient intervals by several rings sunk in the 
thickness of its plate, so as not to prevent a free passage. Each of 
these rings carries an arm on either side, and a pair of ropes kept 
taut by springs are stretched from top to bottom and pass through 
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an eye at the end of each arm. The stretched ropes are secured at 
the bottom to the ship, and at the top to the under side of the gun 
turntable. As the turntable is trained to right or left, the ropes take 
up a spiral position, and, by means of the arms upon the rings round 
the pillar, guides for the cage, which are also carried on the arms, are 
likewise compelled to take a spiral form. 

With this arrangement a most satisfactory method of charging 
the cages in the shell-room can be employed. This will be seen on 
Plate XXXV. (p. 520). 

Troughs are provided in line with the position tCK which the cages 
always descend. Overhead hydraulic and hand- worked runners 
command these troughs and shell bins. 

Hydraulic rammers are placed in line with the troughs for pushing 
the shot which has been set in the troughs into the cage. On the 
other side of the trunk the magazine handing-rooms are arranged ; so 
that, while the shot are being placed in the cage on one side, the 
powder can be placed from the other side. 

With this arrangement any shot from the bins can be picked up 
and put into either cage, and the wdrole arrangement is simpler and 
more complete than has yet been fitted on any ship in this respect. 

In the working chamber the cages alw^ays arrive by the side of 
the trough in line with the gun hoists, into which the shot is 
automatically rolled. A hand or hydraulic rammer can be used to 
slide the shot down into the gun hoists, and the powder is transferred 
by hand in quarter-charges. 

This is, of course, assuming that the current opinion is in 
favour of a transference of the ammunition in the working 
chamber. 

In Plates XXXVI. and XXXVII. (p. 520), is shown a design in 
which the central hoist is not stoi)ped at the working chamber, but 
is carried on to the rear of the guns. There are, I believe, those who 
fear that this arrangement would give too direct a path for fire to the 
magazine in case of any accident at the gun. The difference between 
this and any other system is so very slight that, with proper precau- 
tionary measures, I do not think there need be any fear. It seems to 
me that, if it is decided that the shell ought to be at the bottom 
of the ship, the most perfect arrangement is that in which any shot 
can be conveyed from any shot bin to either gun in whatever 
position the gun may be, entirely by mechanical means, and without 
having to handle it. 

In concluding this imrt of my subject, I venture to draw 
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attention to one point. In an earlier part of my paper I have 
alluded to the rough and ready appliances with whieli the navy 
of the past achieved such great things, and I myself have heard 
distinguished naval officers urge that mechanical contrivances 
which could not at sea be repaired by the crew were out of place 
on board inen-of-war. 

All this is nW changed. A battleship carries well on to a 
hundred machines of the most varied, and some of the most 
complicated charactem I have elsewhere expressed my admiration 
of the ability amd zeal with which naval officers of the present day 
have mastered, and the skill with which they use their varied 
machinery, bfit I think there is some tendency to push automatic 
arrangements too far. The blue-jacket will lose much, if he is. 
degraded into a mere machine, and, in regard to the heavy mountings 
I have been describing, our aim should be to obtain efficiency with 
as great simplicity and as few complications as possible. 

The number of explosives which have been used or proposed 
as bursting charges for shell, is very large, but in this short sketch 
I shall confine my attention to three — ^gunpowder, guncotton, and 
melinite, including under this latter head the form known to our 
service as lyddite. Mr Vavasseur and the writer were placed in 
a position to communicate to the authorities of this country full 
details concerning this last explosive, and the whole of the first 
experiments with it were made either by, or under the superiii-- 
tendance of, my firm. Guncotton and lyddite are not only 
capable of detonation, but also possess a potential energy very iiiucli 
higher than that of gunpowder. 

Fired against unarmoured structures, shell charged with gun- 
powder do not generally explode until they are some short distance 
within the side of the vessel, but with guncotton and lyddite two 
alternatives have to be considered. The shell may either be fired 
with a fuse and detonator so arranged that the shell will burst 
immediately on impact, or it may be so arranged as to give rise to 
a slight delay, or hang fire. 

In the first alternative the shell will burst instantaneously on 
impact, a result impossible to obtain with gunpowder ; and in such 
eases a hole of very large dimensions, and impossible to plug, will 
be made in the side of the ship, while the innumerable small frag- 
ments to which the shell is reduced sweep the deck in the wake of 
the shell. 

In the second alternative the shell will probably burst inside> 
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making only a small hole in the side of the vessel ; but the full effect 
■of the explosion, and the destruction to the crew troni the fragments 
of the shell would undoubtedly be serious, and the cone of dispersion 
of the fragments much larger, from the explosion taking place inside 
the vessel 

Shell charged with gunpowder fired against unannoured stnietureB 
possess, however, one great advantage. The snell will prcd^ably 
burst from 2 to 4 feet inside the vessel, and, although the dispersion 
of the fragments is not nearly so great as witli liigh explosives, the 
large fragments into which the shell parts, are capable of doing 
much more serious damage to any portion of the ship’s structure 
with which they may come in contact. 

If fired at armoured structures, the results will greatly depend 
upon the thickness and resistance of the plates, and on the size 
and energy of the attacking projectile. 

Generally, it may be stated that armour is a most effective 
protection against liigh explosives, the shell in the large majority 
of circumstances bursting comparatively harmlessly against the 
armour. Even if imfused, but with detonator, and possessing 
sufiScient energy to penetrate the plate, the shell will burst in passing 
through, but the dispersion of the fragments is not very great. 

If fired without fuse or detonator, wet guncotton will not 
•explode, but melinite or lyddite probably will, the result to a great 
■extent depending on the thickness of the armour. 

From the numerous experiments we have made, either ourselves 
in this country or elsewhere, I draw the following conclusions :~ 

(1) To attack unarnioured structures, I have no doubt that shell 
■charged with high ex]3losives are a most formidable weapon. The 
large quantity of explosive that can he carried, and the power of 
immediately detonating the shell, permit the vessel to be attacked, 
•either by making large holes at or near the water-line, or if the shell 
should burst inboard, the effect of the explosion and the destruction 
to everything in the wake of the shell would be very serious. 

(2) But with high explosives the shells are reduced to very small 
fragments,, ami even very thin steel plates resist penetration. Hence 
the importance of traverses; and, supposing a first-class cruiser to 
engage two smaller cruisers firing high explosives, one on each broad- 
side, a longitudinal traverse of very moderate thickness would be a 
protection, the importance of which could hardly l)e overrated. 

(3) Having regard to the size of the holes made by high explosives 
in unarmoured structures, I regard it of great importance that, where- 
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ever possible, tlie wafer-line should be protected from stem to stern- 
with a belt of armoiiiv and that side armour should be provided whore 
guns are carried on the main deck. On the upper deck effective 
shields, and as thick as can be conveniently carried, should be 
attached to the mountings. 

(4) Where an attack is made against thin armour, shell charged 
with gunpowder cfin more effective than high ex|)Iosive shell, as,, 
dependent on circumstances, the former can be got to pass through 
thin armour and burst inside. I doubt if shell charged with any 
explosives can be got to pass through thick armour without biirsting. 

(5) There is one serious objection to certain high explosives, as 
bursting charges, which is not shared by wet guncotton, and that is, 
the liability to detonate if struck by another projectile, or even by a 
large fragment. Wet guncotton is quite safe in this respect, and 
yet, if fired, for example, by a fulininate, it detonates even more 
rapidly than in the dry state. This property has led certain govern- 
ments to adopt it as the high explosives for use on board ship. 

In concluding this paper I desire to defend our Elswick practice, . 
which I have sometimes heard attacked, of mounting as many guns 
on the broadside as can be conveniently carried. Personally, I share 
strongly the opinion which a distinguished admiral once expressed 
to me: that, supposing a fight between two cruisers equally ably 
commanded, the victory would remain with the ship that got in first 
her second broadside, and the victory would be more assured if her 
l)roadside were the more powerful. It must also be remembered that 
with our modern weapons, allowance must be made for a gun, or two,, 
being disabled without altogether crippling the broadside. For these 
reasons I prefer to carry as many guns as possible, even if the- 
luimber of rounds carried per gun be reduced. 

I feel that I ought perhaps to apologise for the length of this- 
paper ; I may, however, make the excuse wbieh I have before heard,, 
that I have been so much pressed with other work, I had not time to- 
make it short. I must, however, express my obligations to my 
Mends and fellow-workers, Mr Murray and Mr Brankston, who, with 
this paper, as in many other ways, have given me most valuable 
assistance. 
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SOME MODEEN EXPLOSIVES 

XPaper read at . the Royal Institution, 1900.) 

N'eaely tfiirfey years ago, in the Eoyal Institution, I had the honour 
of describing the great advances which had then recently been made 
both in our knowledge of the phenomena which attend the decom- 
position of gunpowder, and in its practical application to the 
purposes of artillery. 

I (kiscribed tlit', uncertainty which up to that date had existed as 
lb the kuision developed by its explosion, the estimates varying 
(uiormously from the 101,000 atmospheres (about 662 tons on the 
scpiaro inch) of Count Eumford to the 1000 atmospheres (6*6 tons 
por square inch) of Robins, or, taking more modern estimates, from 
the 24,000 atmospheres (158 tons per square inch) of Piobert and 
Cavalli to tho 4;,>00 atmospheres (about 29 tons per square inch) of 
lUinsen and Schischkoff. 

These uncertainties were, I think I may say, set at rest by 
(HU'tain experiments carried out both in guns and close vessels at 
Itiswick, by tho labours of the Explosive Committee appointed by 
tho War Office, and by researches conducted by Sir F. Abel and 
myself. These researches were conducted on a large scale, with the 
vhm of reproducing as nearly as possible in experiment the conditions 
tiiat exist in the bore of the gun. Ton may judge of the magnitude 
of the experiments, when I tell you that I have fired and completely 
retained in one of my cylinders a charge of no less than 28 lbs. of 
ordinary powder. 

The result of the discussion of the whole series of experiments 
M to the following conclusions : — ' 

1. That the tension of the products of combustion at the moment 
of explosion when the powder practically filled the space 
in which it is fired— that is, when the density is about 
unity— is a little over 40 tons on the square inch, or about 
6400 atmospheres. 
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SOME MODERN EXPLOSIVES 

2. Althougli changes in the chemical compbsition of powder, iuul 

even changes in the mode of ignition, cuuso a very <um- 
siderablo change in the metamorpliosis exporiomfod in 
explosion, as evidenced by the proportions of tho pro- 
ducts, the quantity of heat generated, and tho ((uautity of 
permanent gases produced, being materially altorod, it in 
somewhat remarkable that the tensiem of tho products in 
relation to the gravimetric density is not nearly so much 
affected as might be expected from the cojrsiderable altera- 
tion in the above factors. • . 

3. The work that gunpowder is capable of performing in ox- 
, panding in the bore of a gun was determinefl both by 

actual measurement and by calculation, and tho results 
were found to accord very closely. 

4. The total potential energy of exploded gunpowder supposed to 

be fired at the density of unity was found to ho about 
332,000 grm.-umts per grm., or 486 foot-tons per pound 
of powder. . * 

I must confess that when I gave the lecture I have referred to, 
seeing the many centuries during which gunpowder had held its 
own as practically the sole propelling agent for artillery pxii'ixisos, 
seeing also that gunpowder differs in certain imiwrtaut points from 
the explosives to which I shall presently call your attontion, 1 had 
serious doubts as to whether it would be poasildo so far l.o modify 
these latter as to permit of their being used in largo esharges and 
under the varied conditions required in the Naval and Military 
Services. 

Gunpowder is nob, like guncotton, cordite, nitro-glycorimi.lyddito, 
and other similar explosives, a definite chomioal c.omlutiatiun in a 
state of unstable equilibi'ium, but is merely an intiiuato mixture of 
nitre, sulphur, and charcoal, in proportions whitdi e,au bo varied to 
a very considerable extent without striking diircroucos in rosidts. 
These constituents do not, during the manufacture of the powder, 
suffer any chemical change, and being a mixtui-e it eaiino!; he, said 
under any condition truly to detonate. It deiiagrates or Itunis with 
great rapidity, varying very largely with tho pressuro and (ffhor 
circumstances under which the explosion is taking pla(!( 3 — a train 
like that to which I set fire taking, as you see, an appretn'ablo time to 
birrn, while in the bore of the gun a similar lengtli of (diargo wouhl 
be consumed in less that the hundredth part of a second. 

You will further have observed the heavy cloud of siiujko whic.b 
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lias attended the deflagration you have seen. Nearly six-tenths of 
the weight of the powder after explosion remains as a finely-divided 
solid, giving rise to the so-called smoke familiar to many of you, 
and of which a good illustration is shown in this instantaneous 
photograph, Plate I. By way of comparison, I burn similar lengths 
of guncotton in the form (1) of cotton, (2) of strand, (3) of rope, and 
you will observe th% different rates at which these varied forms of 
thetsame material are consumed, the rate depending in this case 
upon the greater.aggregation and higher density, consequently higher 
pressure of the successive samples. 

Although the names of cordite and ballistite are probably 
familiar f o all of you, the appearance may not be so familiar, and I 
have here on the table samples of the somewhat protean forms 
which these explosives, or explosives of the same nature, axe made to 
assume. 

Here, for instance, are forms of cordite, the explosive of the 
service, for whicli we are indebted to the labours of Sir F. Abel and 
"•prof. Dewar. This, which is in the form of fine threads, is used in 
small arms, and here are successive sizes, adapted to successive 
larger calibres, until we reach this size which is that employed for 
tlie charge of the 12-inch 50- ton guns. 

A eoui)le of tlie smaller cords I burn, both for purposes of com- 
parison and to draw your attention to the entire absence of smoke. 

The smoke of the gunpowder you see still floating near the 
ceiling, but little or no trace of smoke can be seen from such 
explosives as guncotton, cordite, or ballistite, their products of 
combustion being entirely gaseous. See photograph, Plate II. 

You will have observed that in the combustion which you have 
just seen there is no smoke, hut I must explain, and I shall shortly 
show you, that this combustion is not quite the same as that which 
takes place, for instance, in the chamber of a gun. Here the 
carbonic oxide and hydrogen, which are products of explosion, burn 
in the air, giving rise, with the aid of a little free carbon, to the 
bright flame you see, and somewhat increasing the rate of com- 
bustion. In a gun, however, owing chiefly to pressure, the cordite is 
consumed in a very small portion of a second. 

In order to illustrate the effect of pressure upon the rate of 
combustion, I venture to show you a very beautiful experiment 
devised by Sir F. Abel It has been shown in this room before, but 
it will bear repetition. 

In this globe there is a length of cordite. I pass a current 
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tlirough the platinum wire on which it iy resting, and yon see tlie 
cordite burns. I now exhaust the- air and repeat the experiment. 
The wire is red-hot, but the cordite will not burn. That the 
failure to burn is not due to the absence of oxygen, is shown by 
plunging lighted cordite into a jar of carbonic acid, where, although 
a match is instantly put out, the cordite continues to burn— hut 
observe the difference. There is no longer any bright flame, although 
the cordite is being consumed at about the same rate as when buyned 
in air; and when a sufficient quantity of the OOg ig displaced, I can 
make the inflammable gases ignite and burn at the moutluof the jar. 

Another illustration is also instructive. I have here a stick of 
cordite wrapped round with filter paper; I dip it in water'and light 
the end ; you may note that at first yon see the bright flame. But, 
as the combustion retreats under the wet filter paper, there appears a 
space between the flame and the cordite, the flame finally dis- 
appears, hot gases with sparks of carbon alone showing. 

One other pretty experiment I show, I have here a stick of 
cordite, which I light. When fairly lighted, I plnnge it in this* 
beaker of water. The experiment does not always succeed at the 
first attempt, but you now see the cordite burning under the water 
much as it did in the jar of carbonic acid. The red fumes you 
observe are due to the formation of nitric peroxide caused by the 
decomposition of the water by the heat. 

I have on the table samples of certain other smokeless explosives 
of the same class. Here is a ballistite used in Italy. Here is some 
Norwegian ballistite. Here again is ballistite in the tubular form, 
and in these bottles it is seen in the form of cubes. Here is some 
gelatinised guncotton in the tubular form, and here are some interest- 
ing specimens with which I have experimented, and which up to 
a certain pressure gave good results, but which exhibited soma 
tendency to violence when that pressure was exceeded. Here also 
are some samples of the French B. N. powder, consisting of nitro- 
cellulose partially gelatinised and mixed with tannin, and with 
barium and potassium nitrates. Lastly, I show you here a sample 
of picric acid, a substance which has been used for many years as a 
colouring material, but which will he of interest to you, because it 
is used as the explosive of lyddite shell, concerning which I shall 
presently have more to say; it differs from all the other explosives 
in being, in the crystalline form, exceedingly difficult to light. I 
fuse, however, in this porcelain crucible a small quantity. I pour 
a little on a slab, and on dropping a fragment into a red-hot test-tube 
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you see with how much violence the fragment explodes. I also bum 
a small quantity, and you will observe that, unlike guncotton, cordite, 
and ballistite, it is not free from smoke, the smoke in this case being 
simply carbonaceous matter. You will observe also how much more 
slowly it burns. 

The composition of these various explosives (although in the case of 
l)oth cox'dite aM balliBtite I have experimented with samjples differing 
widely in the proportion of their ingredients), may be thns stated :— 

The guncottoiul employed was of Waltham-Abbey manufacture, 
und when dried consisted of d^-^er cent, of soluble cotton and 96*6 
per cent, of insoluble— as used, it contained 2*25 per cent, of moisture. 

The service cordite consists of 37 per cent, trinitro-cellnlose with 
small proportion of soluble guncotton, 58 per cent, of nitro- 
glycerine, and 5 per cent, of the hydro-carbon vaseline. 

The ballistite I principally used was composed of 50 per cent, 
dinitro-eellulose (collodion cotton) and 50 per cent, of nitro-glycerine. 
The whole of the cellulose was soluble in ether alcohol, and the 
imllistite was coated with graphite. 

The French B. N. powder consisted of nitro-cellulose partly 
gelatinised, and mixed with tannin, with barium and potassium 
nitrates. The transformation experienced by some of these 
explosives is given in Table 1, while the pressures in relation to the 
gravimetric densities of some of the more important are shown in 
Fig.1.'. , ■ • ;; 

Table 1. 


Constituents. 

Cordite. 

Ballistite. 

B. N. 

Lyddite. 

CO, . . . " . ■ 

CO . . .. . 

H ■ . ■ . . ■ 

N v . . 

%o . ■ . . ■ ■ . 

CH 4 . . . 

Vols. 

20-5 

23-3 

16*5 

14*6 
■ 23*6 

1*5 

Vols. 

29-1 

21-4 

15-0 

10*1 

24*4 

trace 

Vols. 

21*1 

24*2 

16*4 

12*6 

25*0 

0*6 

Vols. 

12*8 

49*7 

13-8 

19*6 

3*8 

0*3 

Quantity of gas in) 

890-5 

807 

822 

960-4 

C.C, per gramme / 
Units of heat . 

1272 

1366 

1003 

856*3 


The decomposition experienced by these high explosives on being 
fired is of much greater simplicity than that experienced by the old 
powders, and is moreover not subject to the considerable fluctuations 
in the ultimate products exhibited by them. 

The products of explosion of guncotton, cordite, ballistite, etc., 
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temperature of explosion entirely gaseous, consisting of 
carbonic anhydride, carbonic oxide, hydrogen, nitrogen, and aqueous 
vapour, with generally a small quantity of marsh-gas. 

The water collected, after the explosion-vessel was opened, 
always smelt, occasionally very strongly, of ammonia, and an appreci- 
able amount was determined in the water. 

In examining the gaseous products of thd exploSion of various 
samples of gunpowder, it was noted that as the pressure under which 
the explosion took place increased, the quantity of carbonic anhydride 
also increased, while that of carbonic oxide decreased? The same 

Fi^ 1 . 


PRESSURES OBSERVED IN CLOSED VESSELS WITH 
VARIOUS EXPLOSIVES. 
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peculiarity is exhibited by all the explosives with which I have 
experimented. I show in Table 2, p. 527, the result of a very com- 
plete series of a sample of guncotton fired under varying pressures, 
and it will be noted that the volumes of carbonic oxide and carbonic 
anhydride are, between the highest and lowest pressures, nearly 
exactly reversed. 

There are slight changes as regards the other products, but they 
do not compare in importance with that to which I have referred. 

But before drawing your attention to other points of interest, it 
is desirable to give you an idea of the advances in ballistics which 
have been made, both by improvements in the manufacture of the 
old powders and by the introduction of the new. 
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On Fig. II. are placed the results as regards velocity of nine 
explosives, commencing with the E, L Gg powder, which was in use 
in the latter part of the fifties, and terminating with the cordite of 
the present day. 

Table 2, 


Constituents, 


Under pressure of Explosion, tons per square incli. 



2 tons. 

^ . 

8 tons. 

12 tons. 

18 tons. 

20 tons. 

45 tons. 

50 tons. 

Vols. 

COa . . 

21-44 

25-06 

26-27 

27-21 

26-75 

28-13 

29-27 

CO . . , . 

29*66 

26-31 

25-08 

25-24 

24-53 

23*19 

22 ’31 

H .. 

15-92 

15-33 

16*03 

14-56 

14,-77 

14*14 

13-56 

N * . . . 

13-63 

13*80 

13-22 

13*13 

13-43 

12-99 

13-07 

HnO ' . ' . 

19*09 

19-09 

19-09 

19-09 

19-09 

19-09 

19-09 

CH 4 . . . 

*26 

*41 

*31 

•77 

1-47 

2*46 

2-70 


The experiments I am now referring to were made in a gun of 
too calibres in length, and were so arranged that in a single round 
the velocities could be measured at 16-points of the bore. The 
chronoscope with which these velocities were raken has been already 
described, and I will now only say that it is capable of registering 
time to the millionth of a second with a probable error of between 
two and three millionths. One curious fact connected with the mode 
of registration I may mention. In the early experiments with the 
old powders, where the velocities did not exceed 1500 or 1600 feet 
per second, the arrangement for causing the projectile to record the 
time of its passing any particular point was effected by the shot 
knocking down a small steel knife or trigger which projected slightly 
into the bore, but when the much higher velocities, with which I 
subsequently experimented, were employed, this plan was found to 
be unsatisfactory, the steel trigger, instead of being immedictely 
knocked down by the shot, frequently preferred, instead, to cut a 
groove iii the shot, sometimes nearly its whole length, before it 
acted. Hence another arrangement for cutting the primary wires 
had to be adopted. 

The diagram I am now showing you is, however, both interesting 
and instructive. The intention, among other points, was to ascer- 
tain, for various calibres in length in a 6-inch gun, the velocities 
and energies that could be obtained, the maximum pressures, whether 
mean or wave, not exceeding about 20 tons on the square inch. The 
liorizontaMine or axis of abseissm represents the travel of the shot 



■528" 


SOME MODERN EXPLOSIVES 


ill feet,, the ."ordinates or perpendiculars from this line to the curve 
represents the velocity at that point. 

The lowest curve on the diagram gives; under the conditions I 
have mentioned, the velocities attainable with the powder which 
was used when rifled guns were first introduced into the service, and 
you will note that with this powder the velocity attained with lOCl 
calibres was only 1705 feet per second, whik with*40 calibres it 
was 1633 feet per second. Next on the diagram comes pebble-pawder,, 
with a velocity of 2190 feet per second; next oome^ brown prismatic,, 
with a velocity of 2529 feet per second. • 

The next powder is one of considerable interest, and one which 
might have risen to importance had it not been superseded by 
explosives of a very different nature. It is called amide powdeiv 
and in it ammonium nitrate is substituted for a large portion (about 
half) of the potassium nitrate, and there is also an absence of sulphur. 
You will observe the velocity in the 100-calibre gun is very good,, 
2566 feet per second. The pressure also was low, and free from wave 
action. It is naturally not smokeless, but the smoke is much leS^ 
dense, and disperses much more raj^idly than does the smoke of 
ordinary powder. Its great advantage, however, wms, that it eroded 
steel very much less than any other powder with which I experi- 
mented, while its great disadvantage was due to the deliquescent 
properties of ammonium nitrate, necessitating the keeping of the 
cartridges in air-tight cases. 

Next on the diagram comes B. N. or Blanche Nouvelle powder, 
an explosive which, while free from wave action, is remarkable, m 
you will note if you follow the curve, in developing a much higher 
velocity than the other powders in the first few feet of motion, and 
less in the later stages of expansion. 

Thus, if you compare this curve with the highest curve on the 
diagfkm, that of the four-tenths cordite, you will note that the B. N. 
curve for the first eight feet of motion is the higher, and that at 
about eight feet the curves cross, the B. N. giving a final velocity of 
2786 feet per second, or 500 feet below the cordite curve. 

Then follows ballistite, which, with much lower initial pressure, 
gives a velocity of 2806 feet per second, or somewhat higher than that 
of B. N, Then follow three different sizes of cordite, the highest of 
which gives a muzzle velocity of 3284 feet per second, or a velocity 
nearly double that of the early E. L. G-g. 

In the somewhat formidable-looking table (Table 3) I have 
placed on the wall, are exhibited the velocities and energies 
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realised ill a 6-moh gun wifjli the various explosives I have named, 
and the table, in addition, shows the velocities and energies in guns 
of the same calibre but of 40, 50, and 75 calibres in length, as well 
as in that of 100 calibres. , 


Table' S. — Q-inch gun, 100 calibres long. Velocities and energies realised with 
* ^ high explosives. Weight of projectile, 100 lbs. 


m 

Nature and weiglifc of® 
explo^ve. 

Length of bore, 
40 calibres. 

Length of bore, 
60 calibres. 

Length of bore, 
75 calibres. 

Length of bore, 
100 calibres. 

Velocity, 

Energy. 

Velocity. 

Energy. 

Velocity. 

Energy. 

Velocity. 

Energy. 


F. S. 

P. T. 

F. S. 

P. T. 

P. S. 

P. T. 

P. S. 

P. T. 

Cordite, *4 in. (27%5.1bs.) 

2794 

5413 

2940 

5994 

3166 

6950 

3284 

7478 

Cordite, 0%ir> In. (22 lbs.) 

2444 

4142 

2583 

4626 

2798 

5429 

2915 

6892 

Cordite, in. (20 ibs.) 

Ballistite, 0*;] in. cubs. 

2495 

4316 

2632 

4804 

2821 

5518 

2914 

6888 

(20 ibs.) . 

2416 

4047 

2.037 

4463 

2713 

5104 

2 806 

6460 

French B. N. (2n ibs.) . 

2422 

4068 

2530 

4438 

2700 

5055 

2786 

5382 

Amide prism (2,2 lbs.) . 

2225 

3433 

2331 

3768 

2486 

4285 

2666 

4566 

Brown prism (50 .Ibs.) . 

2145 

3190 

2257 

3532 

2435 

4111 

2529 

4485 

rebblC”powdcr (20 Ibs.) 

1885 

2464 

1980 

2718 

2110 

3087 

2190 

3326 

!{.L.(h,(2;5 lbs.). 

1533 

1630 

1592 

1757 

1668 

1929 

1705 

2016 


If you (•.oiupai'e the results shown in the highest and lowest lines 
of this tahhi, that is, the results given by the highest and lowest 
curves on the diagram, you will .see that the velocity of the former 
is nearly twice as great as that of the latter, while its energy and 
capacity for penetration is nearly four times as great. 

I need hardly remind most of you that in artillery matters it is 
the energy developed, not the velocity alone, that is of vital import- 
ance. I venture to insist upon this point, because so many of those 
who desire to instruct the authorities, write as if velocity were the 
only point to be considered. In a given gun with a given chg,rge, 
if the weight of tlie shot, within reasonable limits, be made to vary, 
the ballistic advantage is greatly on the side of the heavier shot, and 
for three principal reasons ; — 

1. More energy is obtained from the explosive. 

2. Owing to the lower velocity, the resistance of the air is greatly 
reduced. 

3. The heavier shot has greater capacity for overcoming the 
reduced resistance. 

You will observe that on this velocity diagram, upon which I 
have kept you so long a time, is shown, not only the travel of the 
shot in feet, but the position of the” plugs which gave the velocities. 

2 M 
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Further, on the higher and lower curves, the observed velocities are 
shown where it is possible to do so. Near the origin of motion the 
points are so close that it is not possible to insert them without 
confusing the diagram 

At the risk of fatiguing you, I show, in Fig. Ill, curves showing 
the pressure existing in the bore at all points, these pressuses being 
deduced from the curves of velocity. • * 

You will note the point to which I drew your attention,® with 
regard to the powder called B. N. You will reniiember that in the 
early stages of motion it gave velocity to the shot, much more 
rapidly than did the other powders. You see the effect ® in the 
pressure curves, the maximum being considerably higher than any 
of the other pressures, while the pressure towards the muzzle is, on 
the other hand, considerably below the average. 

I fear you may think I have kept yon lumecessarily long with 
these somewhat dry details, but I have had reasons for so doing. 

In the first place I desire to demonstrate to you the enormous 
advances which have been made in artillery by the introduction of 
the new explosives, and which we in a great measure owe to the 
distinguished chemists and physicists who have occupied themselves 
with these important questions. 

Secondly, I desire to show you that the explosive which has 
been adopted by this country, and which we chiefly owe to the 
labours of Sir F. Abel and Prof. Dewar, is in ballistic effect inferior 
to none of its competitors. I might go further, and say that it is 
decidedly superior. 

Lastly, at a time when the efficiency of all our arms, and 
especially our artillery, is a question which has been deeply agitat- 
ing the country, I may do some good by pointing out tliat the 
authorities are well aware that any practicable velocity or energy 
they may desire for their guns is at their disposal. 

They have such guns, I mean guns with high velocity and high 
energy — whether they have enough of them, and whether they are 
always in the right place, is another matter, for which perhaps the 
military authorities are not altogether responsible. But velocity and 
energy is not the only thing that is required under all circumstances 
in war, and I ask you to believe that if the War Office authorities 
have, for their field guns, fixed on a velocity very much below what 
is possible, they have had sound and sufficient reasons for so doing. 

My firm and I, individually, have had much to do with the 
introduction of the larger high-velocity and quick-firing guns into 
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miv own and other services; hut as an old artillery officer, in no way 
rcHpoiisihlo for onr field gims, I may perhaps be allowed to say that, 
whollun* as regards maUrid or onr field ■ artillery is 

inferior to none anywhere, and, I venture to add that in the present 
war it apj)C«i,rH to liavo hticii handled in a way worthy of the reputa- 
tion of t|c (jorps. 

[ tli(^ f<a,us('ns af some of onr military failures at the commence- 
mentteijf tlic war must 1,)0 looked for in other directions, and the present 
unfortuimto war «will turn out to be a blessing in disguise, if it 
should awaken the empire to the necessity of correcting serious 
defects^ in our organisation, possibly the natural result of our Con- 
stitution, 5,nd in that case the invaluable lives that have been lost 
will not have been sacrificed in vain. 

I now pass to }H)ints which have to be considered when weighing 
the comparative merits of explosives for their intended ends. 

You will easily understand that between explosives which are 
intcndivl to bo usiul for propelling purposes, and those which are 
i^iteiuled to be uscui, sa,y for bursting shell, a wide difference may 
exist. 

In the former case, facility of detonation would be an insuper- 
able objection; in the latter, the more perfect the detonation the 
l)(^ti,er, certain special cases, to which I have not time to refer, 
i^xce.ptetl. 

Thuro t^.xists, I think, considerable diversity of opinion as to what 
docs, a.nd what does not, constitute true detonation. I find many 
persons speak of a detonation, when I should merely consider that 
a very high pressure had been reached. This guncotton slab on the 
table affords nu^ I think, a fair opportunity of explaining my 
moaning. Wore I to set fire to it, except for the large volume of 
ilaum and the great amount of heat generated, we in this room would 
not suifer; we should probably experience more inconvenience Sid I 
fire a similar slab of gunpowder, as detached burning portions would 
probably bo projected to some distance. 

But if I fired this same slab with two or three grammes of 
fuluunato of mm'cury, a detonation of extreme violence would follow. 
Tli(^ dc^tonation would be capable of blowing a hole in a tolerably 
thick; iron plate, and would probably put an end to a considerable 
proportion of the managers in the. front row. . 

I numtioneJ to you some time ago the time in which a charge 
would 1)0 consumed in the ehamber of a gun— if a charge of 500 lbs. 
of thoscmslabs wore effectively detonated, this charge would be con- 
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verted , into 'gas in less, than' the twenty-thonsaiidth part , of a 
second, : 

^No .such result would follow were I to try a similar experiment 
with a slab of compressed gunpowder of the same dimensions, .1 
do not say the experience wotild be pleasant, but there woyld be 
nothing of the instanfeaneous violent action which marks th# decom- 
position of the guncotton. * 

To give yon an idea of the extraordinary violence which accom- 
panies detonation, I have fired, for the purpose* of this* lecture, 
with fulminate of mercury, a charge of lyddite in a casi^iron shell, 
and those who are sufficiently near, can see for themselvbs the 
result. By far the greater part of the cast-iron shell, weighing 
about 10 lbs., is reduced to dust, some of which is so fine that I 
assumed it to be deposited carbon until I had tested it with a 
magnet. I may add that the indentation of the steel vessel by pieces 
of the iron which were not reduced to powder, would appear to 
indicate velocities of not less than 1200 feet per second, and this 
velocity must have been communicated to the fragments in a space of 
less than 2 inches. 

Tor the sake of comparison, I place beside it a cast-iron shell 
burst by gunpowder. You will observe the extraordinary difference, 
I also have on the table two small steel shells exploded, one by a 
perfectly detonated the other by a partially detonated charge. I 
may remark that in the accounts of the correspondents from the 
seat of war, frequent mention is made of the green smoke of lyddite. 
This appearance is probably due to imperfect detonation — to a 
mixture, in fact, of the yellow picric witli the black smoke ; I do not 
say, however, that imperfect detonation is necessarily an evil. 

To another experiment I draw your attention. 

For certain purposes, I caused to be detonated in the chamber of 
a 12-pr. a steel shell charged with lyddite. The detonation was 
not perfect, but the base of the shell was projected with great 
violence against the breech screw. You may judge of how great 
that violence was, when I tell you that the base of the shell took a 
complete impressiou of the recess for the primer, developing great 
heat in so doing ; but what was still more remarkable, the central 
portion of the base also sheared, passing into the central hole through 
which the striker passes. This piece of shell is upon the table, and 
open to your inspection. 

One other instance, to illustrate the difference between com- 
bustion and detonation, I trouble you with. Desiring to ascertain the 
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cliffereiieej if any, in the products of explosion between combustion 
and detonation, I fired a charge of lyddite in such a manner that 
detonation did not follow. The lyddite merely deflagrated. But a 
similar charge, differently fired, shortly afterwards detonated with 
such pAreiiie violence as to destroy the vessel in which it was 
explodotl. The manner in which the vessel failed I now show you 
(Fig. I.V.), anil I have on the table the internal crusher-gauge which 
was <nsed, and which was also totally destroyed. 

The condition •of this gauge is very remarkable, and the action on 
the coppef cylinder employed to measure the pressure was one to 

Fig. IV. 

EXPLOSIOri VESSEL 



which I have no parallel in the many thousand experiments l^have 
made with these gauges. The gauge itself is fractured in the most 
extraordinary way, even in some places to which the gas had no 
access, and the copper cylinder, which when compressed usually 
assumes a barrel-like form (that is with the central diameter larger 
than that at the ends, as shown in the diagram, Fig. V,), in this experi- 
ment, and in this only, was bulged close to the piston, as you see. 
It would appear as if the blow was so suddenly given that the 
laniiinB of the rnetal next the piston endeavoured to escape in the 
direction of least resistance, that being easier than to overcome the 
iiiertia of the laminae below. 

The erosive effect of the new explosives is another point of 
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first-rate importance in an artillery point of view. The cordite of 
the service is not, if the effect be estimated in relation to the energy 
impressed on the projectiles, more erosive than, for example, brown 
prismatic, which was itself a very erosive powder ; but as we are 
able to obtain, as you have seen, very much higher enorg?o» with 
cordite than with brown prismatic, the erosion of the fonnorus, for a 
given number of rounds, materially higher. 

There is, however, one striking difference: by the kindne^ of 
Colonel Bainbridge, the Chief Superintendent of OrSnance Factories, 
I am enabled to show you a section of the barrel of a*large gun 
eroded by 137 rounds of gunpowder. Beside it is a barrel of a 
4'7-iueh quick-firing gun eroded by 1087 romids of gunpowder, and 
another eroded by 1292 rounds of cordite. You will observe the 
difference. In the former ease the erosion much resembles a 
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ploughed field. In the latter, the appearance is more as if tlie 
surface were washed away by the flow of the highly-heated gases. 

But take it in what way you please, the heavy erosion of the 
guns of the service, if fired with the maximum charges, is a very 
seriou^ matter, as with the large guns, accuracy and in a smaller 
degree energy, are rapidly lost after a comparatively small riumher 
of rounds have been fired. 

Cordite was first produced for use in small arms only, where, 
owing to the small charges employed, the question of erosion is 
not of the same importance as with large guns; but its employment, 
from the great results obtained with it, was rapidly extended to 
artillery, and the attention of my friends, Sir F. Abel and Prof. 
Dewar, has for some time been devoted in conjunction with myself to 
investigating whether it is not possible materially to reduce this 
most objectionable erosion. 

With this object I made the following series of experiments. 
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I had cordite of the same dimensions prepared with varying 
proportions of nitro-glyeerine and guncotton. The nitro-glycerine 
being successively in the proportions of 60, 50, 40, 30, 20, and 10 
per cen^., and with each of these cordites I determined the following 
pointy |— 

1. 'iho quantity of permanent gases generated. 

2. The amount of aqueous vapour formed. 

■6. The heat generated by the explosion. 

4. The erosiw effect of the gases. 

5. Th% ballistic energy developed in a gun, and the corresponding 
' , maximum pressure. 

6. The capacity of the cordite to resist detonation when fired 

with a strong charge of fulminate of mercury. 

The results of these experiments were both interesting and 
instructive. 

To avoid wearying you with a crowd of figures, I have placed on 
Fig. VI. the results of the first five series of experiments. 

On the axis of abscissse are placed the percentages of nitro- 
glycerine, while the ordinates show the quantities of the gases 
generated, the amount of heat developed, the erosive effect of this 
explosive, the ballistic energy exhibited in a gun, and the maximum 
gaseous pressure. 

You will note that with the smallest proportion of nitro-glycerine 
the volume of permanent gases is a maximum, and that the volume 
steadily decreases with the increase of nitro-glycerine. On the other 
hand, the heat generated as steadily increases with the nitro- 
glycerine, and if we take the product of the quantity of heat and the 
quantity of gas as an approximate measure of the potential energy 
of the explosive, the higher proportion of nitro-glycerine has an 
undoubted advantage ; but in this case, as in the ease of every other 
explosive with which I have experimented, the potential energies 
differ less than might be expected from the changes in transforma- 
tion, as the effect of a large quantity of gas is to a great extent 
compensated by a great reduction in the quantity of heat generated. 

This effect is, of course, easily explained, and was very strikingly 
exhibited in the much more complicated transformation experienced 
by gunpowders of different compositions, a long series of which were 
very fully investigated by Sir F. Abel and myself. 

Looking at this diagram, you will have observed that the energy 
developed in the gun is very much smaller with the smaller pro- 
portions of nitro-glycerine, but if you will look at the corresponding 
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maxininm-pressure , curve you will ■ note that . the pressures have 
decreased .nearly in. like proportion. Hence it is probable that the 
lower effect is mainly due to a slower .combustion of the cordite, and 
it follows that this, effect may be, to a great extent, remidied by 
increasing , the .rate' of combustion by reducing the diamoto| of the 
cordite to co.rrespond : with the reduction in the quantity |f nitro- 
glycerine. . ^ • 

To test this point, I caused to be manufactured a second series of 
cordites of the same composition, but with the diaingtcrs siioc^'sssivoly 
reduced hy '03, as you see with the samples I hold, and thi« diagram 
(Fig. VII) shows at a glance the result. The energies you see are 
roughly practically the same, but if you look at the pressure curve, 
you will observe that I have obtained a curve in which, on the whole, 
the pressures vary in the contrary direction, that is to say, in this 
case the pressures increase as the nitro-glycerine diminishes. 

Taking the two series into account, they show that by a proper 
arrangement of amount of charge and diameter of cord, it would bo 
possible to obtain the same ballistics and approximately the same* 
pressure from any of the samples I have exhibited to you. 

But I have to draw your attention to another point. From the 
curve showing the quantities of heat, you will note that in passing 
from 10 per cent, nitro-glycerine to 60 per cent., the heat generated 
has increased by about 60 per cent. But if you examine the curve 
indicating the corresponding amount of erosion, you will see that 
while the quantity of heat is only greater by about 60 per cent., the 
erosion is greater by nearly 500 per cent. 

These experiments entirely confirm the conclusion at which I 
have previously arrived, viz., that heat is the principal factor in 
determining the amount of erosion. 

In experimenting with a niimher of alloys of steel, the greatest 
resist^ce was shown by an alloy of steel with a small proportion of 
tungsten, but the difference between the whole of these alloys 
amounted only to about 16 per cent. 

The whole of these cordites were, as I have mentioned, subjected 
to detonation tests. None of them, so far as my experiments went, 
exhibited any special tendency in this direction. 

I will now endeavour to describe to you a most interesting and 
important series of experiments, which I regret to say is still a long 
way from completion. 

The objects of these experiments were — (1) to ascertain the time 
required for the combustion of charges of cordite in which the 
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curdito was of cliffow3nt tliickEesses, Yarying from 0*054nch to 0‘6 of 
aiiiiicli; (2) tho rapidity with which the explosives part with their 
heat to tho vossei in which the charge ■ is ■ confined ; and (3) to 
ascortaiij if possible, J)y direct measnrement, the tomperatxire of 
oxt>loHi|n, aiyd to dotorinino the relation . between tho pressure and 
i«5Uiporsitur(3 at presBiires ap|')roximating to those, which exist in the 
bnre of a gun, aiid^wlncdi aro, of course, greatly above any which 
hav« ycdi bt^on d(3toi‘jniniKl 

As i’egaaxls tk(i iirst two objects I have named, I have had no 
HcrioiiH ditlic'iiltics to contend with;, but ■asvregards 'the , third, I have 
so farliad no satisfactory results, having-, been unable to use Sir ' Wd 
lb.) berts- Austen’s beautiful instrument, owing to the temperature at 
the iiioment of ex])losioii being greatly too high— high enough indeed 
to melt and volatilise the wires of the thermo-junction. 

I a, 111 , ho\vn;)ver, endeavouring to make an arrangement by which 
J hope to be able i,e determine these points when the temperature 
is BO Far reduced that tho wires will no longer . be fused. 

Idle api)a!‘aiim 1 have used for these experiments (see Plate VII.) is- 
pL’u^iul ell the ta,ble. The cylinder in which the explosions wore made 
is Uh) luKivy to ti'ansport hero, but this photograph will sufficiently 
e.xplaiti tim a-iTaugeaucnt. Tlio charge I used is a little more than 
a kii(»‘f;raiu'me, a,ud il, is liri^d in this cylinder in the usual manner. 

Tlie (.eusieu ol* the ga.s acting Oil the piston oompresses the spring 
and imliiaites the pn\Bsure on the scale here shown. But to obtain 
a pmnianoiit roc.ord, tho apparatus I have mentioned is eniployed. 

There is, you see, a drum made to "rotate by means of a . small 
motor. Its rate of rotation is given by a chronometer acting., on a . 
relay, and marking seconds on the drum, while, the magnitude of the 
pressure is registered by this pencil actuated by the pressure-gauge 
I Iiavo Just described. ^ 

Te ebtaiii witli sullicioiit accuracy the maximum pressure, and 
also tho time taken to gasify the explosive, two observations, that is 
two explosions, are necessary. 

If tho piston 1)0 loft free to move the instant of the commence- 
ment of pressure, the outside limit of the 'time of complete , exphsioii 
will be indfeatod ; but on account of the inertia of the moving parts 
the pressure indicated will be in excess of the. true pressure, and the'' 
oxcosH will 1 ) 0 , more or less, inversely as the time occupied by tlie 
explosion. 

If we desire to know, the; true 'pressure, it .is necessary to compress 
tho gauge beforehand to a point closely approximating to the expected 
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pressure,:so,tliat the Jaertia of the, moving parts .may, he 'as small as,, . 
possible— the arrangement by which this is effected is not shown in 
the diagram, but the gange is retained at the desired pressure by a 
wedge-shaped' stop, held in its place by the pressure, of the^spriiig, 
and to the stop a heavy weight is attached— when tho« pro^puro is 
relieved by the explosion, the weight falls, and leaves tlio spring free 
to act:' . * 

I have made a large number of experiments with this instrunBxit, 
both with a variety of explosives and with exploiives fired under 
different conditions. Time will not permit me to do mor5 than to 
show you on the screen three pairs of experiments to illusjrafe the 
effect of exploding cordite of different dimensions, but of precisely 
the same composition. 

I shall commence with rifle cordite. In this diagram (Fig. Till.), 
the axis of abscissae has the time in seconds marked uf)on it, while 
the ordinates denote the pressures; and I draw your attention to the 
great difference, in the initial stage, between the red and the blue 
curves, You will notice that the red curves show a maximum^ 
pressure some 4| tons higher than that shown by the blue curve ; but 
this pressure is not real, it is duo to the inertia of the moving parts. 
The red and blue curves in a very small fraction of a second come 
together, and remain practically together for the rest of tlieir course. 
The whole of the charge is consumed in something less tliaii fifteen 
thousandths of a second. 

In the case of the blue curve, the maximum pressure indicated is 
obtained in the way I have described, and is approximately correct— 
about 9 tons per square inch. The rapidity with which tliis 
considerable charge parts with its heat by communication to the 
explosion- vessel is very striking. In 4 seconds after the explosion the 
pressure is reduced to about one-half, and in 12 seconds to about 
one-quarter. 

I now show you (Fig. IX.) similar curves for cordite 0*35-inch in 
diameter or about fifty times the rifle cordite section. Here you see 
that the time taken to consume the charge is longer. The effect of 
inertia is still very marked although much reduced. The true 
maximum pressure is a little over 8*5 tons, but after the* first third 
of a second the two curves run so close together that they are indis- 
tinguishable. 

Again you see the pressure is reduced by one-half in 4 seconds, and 
in a little more than 12 seconds again halved. 

The last pair of curves I shall show you (Fig, X) was obtained - 
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with cordite 0*C-itich in diaiiieter, or nearly' 150 times .the section 'of 
the rifle cordiki With this cordite the combustion has been so slow 
tlia.t the offecfA ot iiuudia almost disappears; it is reduced to, about 
hiilf iidmi per square inch. The. maxiimiin being nearly the same 
an t.h(5 la#t sot of experiments. The .time of . combustion indicated 
f h;ive#(iaJlod s1(jw, but it is about ’OG of a second, and the whole of 
iht^ oxperimcuit.s show a, triost remarkable regularity in their rate of 
tla^ piusHures at the same distance of time from the explosion 
brmig all iipproximately the same, as indeed they ought to 
1 ) 0 . Th^ dcmsity l)eiug the same and the explosive the same, the only 
ilifforeugo Ixdng the time in which the decomposition is completed. 

It appejiirs to me that, knowing from the experiments I have 
iloBcribod, the volume of gas liberated, its composition, its density, its 
pressure, the quantity of heat disengaged by the explosion; and 
knowing all those points with very considerable accuracy, we should 
ho able, from the study of the curves to which I have drawn your 
atitniiiou, and wliicdi (*.an 1)6 obtained from different densities of gas, 
to throw considerablo light upon the kinetic theory of real, not ideal 
gases, at temperatures and pressures far removed from those which 
have been the subject of such careful and accurate research by many 
distinguished physicists. 

The question, as I have said, involves some very considerable 
<UHioulties, nevertheless I am not without hope that the experiments 
I have been describing may, in some small degree, add to our 
knowledge of the kinetic theoiy of gas. 

That wonderful theory faintly shadowed forth almost from the 
commoneomont of philosophic thought, was first distinctly put 
foi'wa;rd l)y Daniel Bernoulli early in the last century. In the latter 
half of the century now drawing to a close, the labours of Joule, 
Clausius, Clerk Maxwell, Lord Kelvin, and others, have placed the 
theory in a position aiialogons and equal to that held by the 
undulatory theory of light. 

The kinetic theory has, however, forms artillerists a special 
charm, because it indicates that the velocity communicated to a 
projectile in the bore of a gun is due to the bombardment of that 
projoctil#by myriads of small projectiles moving at enormous speeds, 
and parting with the energy they possess, by impact, to the 
projectile. 

There are few minds which are not more or less affected by the 
,i,nfinitely great and the infinitely little. . ' 

It was said that the telescope, which revealed to us infinite space, 
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.was balanced by the mioroscop6, wliic.b, showed us the infinitely small ; 
but., the labours of the ■ men to whom. I have referrocl, have introducod 
us to magxdtiides and weights infinitesimally smalku* than anytliing 
that the microscope can show us, and to numbers wliich arc i|iihui,.c 
to our finite comprehension. , ' 

Let me draw your attention to this diagram (Fig. 11)^^' s!j,owing 
the velocity impressed upon the projectile, and lotfnui ondoavmir to 
describe the nature of the forces which acted upon it to give it«its 
motion. I hold in my hand a cubic centimetre, a cube so smaU that 
I daresay it is hardly visible to those at a distance. WoW, if this 
cube were filled with the gases produced by the explosion git t)" 0. 
and atmospheric pressure, there would be something over seven 
trillions, that is, seven followed by eighteen cyphers, of molecules. 
Large as these numbers are, they occupy hut a very small fraction 
of the contents of the cubic centimetre, but yet their number is so groat 
that they would, if placed in line touching one another, go round many 
times the circumference of the earth, a pretty fair illustration of 
Euclid's definition of a line. 

These molecules, however, are not at. rest, but are moving, even 
at the low temperature I have named, with great velocity, tlie 
molecules of the different gases moving with different velocities 
dependent upon their molecular weight. Thus, the hydrogen mole- 
cules which have the highest velocity move with about 5500 lbe,t 
per second mean velocity, while the slowest, the carbonic aiihy (Iridic 
molecules, have only 1150 feet per second mean velocity, or about 
the speed of sound. 

But in the particular gun under discussion, when the charge was 
exx^loded there were no less than 20,500 c.c. of gas, and each centi- 
metre at the density of explosion contained 580 times the quantity of 
gas, that is, 580 times the number of molecules that I mentioned. 
Hence file total number of molecules in the exploded charge' is 81 
quadrillions, or, let us say, approximately for the total number, 
eight followed by twenty-four cyphers. 

It is difficult for the mind to appreciate what this immense number 
means, but it may convey a good idea if I tell you that if a man were 
to count continuously at the rate of three per second, it w^uld take 
him 265 billions of years to perform the task of counting them. 

So much for the numbers; now let me tell you of the velocities 
with which, at the moment of explosion, the molecules were moving. 
Taking first the high-velocity gas, the hydrogen, the molecules of the 
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gas would strike the projectile with a mean velocity of about 12,500 
foot per second. You will observe, I say, mean velocity, and you 
must note that the molecules move with very variable velocities. 
Clerk l^axwell was the first to calculate the probable distribution of 
the velocities. A little more than one-half will have the mean 
velocity^ or less, and about 98 per cent, will have 25,000 feet per 
second or lesfe. A ^ery few, about one in 100 millions, might reach 
the velocity of 50,000 feet per second. 

The mean en^gy of the molecules of different gases at the same 
temper<4mre being equal, it is easy from the data I have given to 
calculate the mean velocity of the molecules of the slowest moving 
gas, carbonic anhydride, which would be about 2600 feet per second. 

I have detained you, I fear, rather long over these figures, hut I 
have done so because I think they throw some light upon the 
extraordinary violence that some explosives exhibit when detonated. 
Take, for instance, the lyddite shell exploded by detonation I showed 
you earlier in the evening. I calculate that that charge was con- 
verted into gas in less than the one 60,000th part of a second, and it 
is not difficult to conceive the effect that these gases of very high 
density suddenly generated, the molecules of which are moving with 
the velocities I have indicated, would have upon the fragments of the 
shell. 

The difference between the exj)losion of gunpowder fired in a close 
vessel and that of guncotton or lyddite when detonated, is very 
striking. The former explosion is noiseless, or nearly so. The latter, 
even when placed in a bag, gives rise to an exceedingly sharp 
metallic ring, as if the vessel were struck a sharp blow with a steel 
hammer. 

But I must conclude. I began my lecture by recalling some of 
the investigations I described in this place a great many years ago. I 
fear I must conclude in much the same way as I then d?d, by 
thanking you for the attention with which you have listened to a 
somewhat dry subject, and by regretting that the heavy calls made 
on my time during the last few months have prevented my making 
the lecture more worthy of my subject and of my audience. 
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observed in closed vessels with various, 
426-429, 526 ; pressure developed by 
some new, 462-467 ; some modern, 
521-541. 

Federow, Colonel, his article in Ziek 
schrift der Ohemie, 110; his Russian 
powder, 127-130, 137. 

. Fine-grain (F, G.) gunpowder, 84, 128- 
130, 139-143, 145, l47, 150, 151, 155, 
156, 159-161, 164, 166, 167, 171, 207, 

. 210, 216-219, 221, 222, 224, 226, 227, , 
230, 235, 239, 242, 246, 249-252, 257- 
261, 277, 289-293, 301, 303, 306, 308- 
313, 316, 318, 321, 322, 331, 333-335, 
404-406, 410-412. 

Flour dust, 398. ^ 

Formidable, H.M.S., 613, 515. " 

Fort Fisher, 368. 

Forth Bridge, 356, 357. 

Fossano powder, 266. 

Fowler, bir John, 357. 

French B. N. (Blanche Nouvclle) gun- 
. .powder, 481, 524, 525, 528, 529. 

Friction in the bores of rifled guns, 385- 
396. 
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Pkji Japanese battlesli!p,.,511. ' 

Fuiminate of mercury, 422, 423. . 
Fulminates, 397. 

Gaboun, General, 73. 

Gas, marsh, 104, 120, 130, 160, 288, 260, 

820, 332, 398, '421. 

Gas^p^ssiire (Explosives), measurement 

Gaseous ^ products of explosion. 111, 
117, 110, 130-184, 140, 149, 161, 

15^4, 155, 166, 264, 821, 322, 406, 408; 
possibility of dissociation among, 
157. ■ ^ 

Gases, permanent, generated by ex- 
plosion, 53, 104, 410, 411 ; measure- 
mentf of volume of, 116, 160 ; from 
explosiob of guncotton, 472 ; of cordite, 
475 ; of ballistite, 478. 

Gauge, Rodman’s, 58, 67, 70-78 ; crusher, 
67, 68, 70, 71, 78-80, 84, 174-177, 837, 
839, 840, 346, 408, 416-418, 462-464, 
467, 480, 492, 498, 495-497, 583; pres- 
sure, 429. 

Gay-Lussac, M., 108, 104, 112, 337. 

Government Committee on Gunpowder, 
146. 

► Graham, article in Emi/dopmdia Brit- 

Gravimetric density, 102, 104, 111, 159, 
256, 401, 418. 

Greenock Philosophicial Society, 897. 

Gun-carriages, mountings, turrets, etc., 
874-884. 

Guncotton, 828, 897, 469, 471, 517-519, 
528 ; composition and raefennorphosis 
of pellet, 829, 421-428; experiments 
with, 889 ; temperature of explosion of 
gunpowder and, 340-845 ; results in 
volumes of the analyses of permanent 
gases generated by explosion of strand, 
472 results of analyses of strand and 
pellet, fired in a close vessel by detona- 
tion, 478, 474 ; difference between ex- 
plosion of gunpowder and, 541. 

Gun-house, armoured, 508. 

Gunpowder, tension of fired, 53-86 ; 
observed in a close vessel, 158 ; de- 
composition of, 100-105, 112, 148, 149 ; 
its constituents, 104, 521 ; Govern- 
ment Committee on, 146; specific 
heats and proportions of the products 

f enerated by the combustion of, 166 ; 

etermination of the temperature of 
explosion of, 170; determination of 
heat generated by combustion of, 164, 
255 ; efieft of moisture upon the 
combustion and tension of, 120 ; work 
effected by, 208; when indefinitely 
expanded, determination of total 
theoretic work of, 208 ; note on the 
existence , of potassium hyposulphite 
in the solid residue of fired, 314 ; 
temperature of explosion of guncotton, 
and,' 340-344 ;, its, advantages, 343;" 
pressure , of, 843-34.5 ; total ..energy 


stored up in, 352 ; curves showing 
pressure and work developed by 
expansion of, 349 ; its destructive 
effects, 436 ; shells charged with, 517; 
difference between explosion of 
guncotton and, 541. 

Gunpowders, employed in researches on 
explosive^, composition of various ^ 
126, 331 ; results of analysis of, 128 ; 
decomposition of various, 333 ; 
pemanent gases and units of heat 
evolved by combustion of various, 334, 
336; “A,” “B,” “C,” and “ D,’" 
354,355, 405, 406, 411. 

Guns, ratio between the forces tending 
to produce translation and rotation in 
the bores of rifled, 42-52 ; smooth- 
bored, rifled, and polygonal, 60, 51; 
observed pressures in the bores of, 
173; effect of increments in the 
weight of the shot on the combustion 
and tension of powder in the bores of, 
189 ; pressure in the bores of, derived 
from theoretical considerations, 193 ; 
temperature of products of combustion 
in the bores of, 202; comparison 
between early rifled and modern 
rifled, 350; armour-piercing, 373 ; 
comparison between 7~inch old and 6- 
inch new, 435 ; methods for measuring 
pressure in the bores of, 482-498 ; 
mounting of, 5 03-5 09 ; cradles of, 5 06 » 
506; of larger calibre, 509-511. 

Hall dr^ONs, 29, 31. 

Ilandy^ 603, 508. 

Haultain, Captain, 17, 20, 21. 
Heat-action of explosives, 825-354. 

Heat (explosives), measurement of, 
116 ; generated by the combustion of 
gunpowder, determination of, 164, 
255 ; of liquid products, mean specific, 
172 ; its loss by communication to the 
; envelope in which the charge is 
exploded, 191; ^‘quantity of,” 399; 
units of, 411, 412 ; specific, 413, 414. 
Heats, and propoi’tions of the products 
generated by the combustion of 
gunpowder, 166. 

Hedon, Commandant, 267. 

Helmholtz, 354, 

History of Explosive Ayents^ 2M. 

History of the French Academy, 53. 

H.M.S., 359. 

Hoist, ammunition, 510. 

Hotchkiss, 502. 

Humphreys & Tennant, 359, 364. 
Hutton, Dr, Mathematical Tracts, 101, 
102, 194, 348, 433, 487. 

Huyghens, 430. 

Hydrate, potassium, 119, 125, 

Hydraulic rammers and cranes, 376. 
Hydrochloric acid, 326. 

Hydrogen, 120, 127-129, 137, 149, 166„ 
247-250, 326-329, 332, 337, 398-400, 421. 
Hyposulphite, potassium, 111, 124, 135- 
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, .137, 141445,. 148, .166, 232, 288-242, ' 

. : 244-247, 249-251, 253-255, 814424. : 

!nckement« in the weight of the shot, 
their clfcct on the eombustioo and 
tension of powder in the bore of a 
gim, 189. . ■ ■ ■ 

Initial velocity, experiments in, 23-41t 
Institution of Civil Engineers, 825. 
Institution of Naval Architects, 499. 
Internal ballistics, 397-461, 
Iridio-platiniim, 414, 416, 

Joint Committee on Ordnance to the 
U.S. Senate, 367. 

Joule, Professor, 168, 198, 589. 

Kaiiouyi, M. von, his article in 
PoggendoriTs Annalen, 110; his experi- 
ments with Austrian small-^rm 
powder, 127-130, 184, 135, 187, 188, 
148, 250. 

Kelvin, Lord, 539. 

Kopp, 166. 

Laege- GRAIN (L. G.) gunpowder, 
29, 81,207, 816. 

Leclanch(5 battery, 403. 

Lefroy, General, 83. 

Linck, B. J., his article in Annalm der 
Chemut 109; experiments with 
Wurtemburg powder, 127-130, 134-136, 
144, 145, 148, 250. 

Liquid products, their mean specific 
^ heat, 172. 

Lyddite, 5X7, 618, 624, 525, 682, 638, 541. 
Lyons, Captain, 22. , 

MKijesUCiJAM.S.i 
Maraliinga, Spezia, 883. 

Marsh-gas, 104, 120, 189, 166, 238, 250, 
329, 332, 398, 421. 

Mastiffs H.M. gunboat, 504. 
Mathematical (1812), 101. 
Maudslay Sons & Field, 359. 

Maxwell, Clerk, 539, 541. 

Mayevski, General, 26, 58, 486; his 
article in B&cm d& TechmlogieMilitaire^ 
107. 

Measure of precision, 8, 28. 

Mechanical Science Section of the 
British Association, 355. 

364. 

Melinite, 517, 528. 

Mercury, fulminate of, 422, 423. 

Jfitea, Japanese battleship, 514. 

Mill, J. S., System of Logk^ 4, 

Miller, Hydrostatics^ 27. 

Mining gunpowder, 236,248-250, 257-266, 
277, 294, 302-887, 310-313, 318, 331, 
333-335, 405,406,410-412. 

Moisture, its effect on the combustion 
and tension of powders, 190; its 
effect in the powder upon the velocity 
of tlie projectile and pressure of the 
gas, 191. 


Moncrieff, Colonel, 382. 

Monosulphidc, potassium, 124, 241, 245, 
250, 252, 264. 

Moorsom’s concussion fuse, 360. 
Mordeeai, Major (U.S. A.), Report on 
Gunpowder^ 159. ^ 

Morgan, Professor de, works on Proha-- 
UUtUsi 4. ■ * ' t 

Morin, General, article in (Jomptm 
Mmdus, 232, 283, 265, . ' ■ 

Mounting of giiift, 503-500. 

Murray, Mr, 525, 629. 

Navau and Military.£ervices, mechanical 
science in relation to the, 845f*384. 
Naval Artillery, rise and progress of 
rifled, 499-619, * 

Navez, Major, experiments ^ with his 
electro-ballistic apparatus, 23-41. 
Neumann, General, 57, 68, 80, 486. 
iVi2^,H.M.S., 375. ' - 
Nitrate, potassium, 126, 136, 139, 144, 
148, 149, 166. 

Nitrogen, 104, 120-122, 148, 166, 329, 
382, 421, 423. 

Nitro-cellulose, 478. 

Nitro-glycerine, 328, 397, 478, 635. 
Nitrous oxide, 104. 

Noble, Captain, 158, 159, 164; his 
article on “Tension of Fired Gun- 
powder” in Proceedings of Rot^al 
Institution^ 108, 111; Internal Mallimm^ 
469 ; in Philosophical Transactions^ 
480. 

Non-gaseous products, their probable 
expansion between zero and tempera- 
ture of explosion, 172. 

Nordenfeldt, 502. 

O’lliggmsi Chilian cruiser, 508. 

Oil hardening for gun barrels, 370, 371, 
Ordnance Select Committee, 23, 33, 88, 
369. 

Orlando^ 380. 

Owen, R.A,, Lieut -Colonel, Principles 
and Practice of Modern AriUieryf 100. 
Oxide, potassium, 142. 

Oxygen, 120, 127-129, 186, 144, 145, 149, 
166, 247-249, 264, 255, 327-329, 887, 
421. 

Paeuser, Sir W. , 367, 

Pape, 166. 

Parabolic rifling, 87-98, 387-396* 

Parrott guns (U.S. A.), 868, 

Parsons, 367, 

Pebble gunpowder, 73-79,155, 94, 128- 
. 138, 138, 140, 142, 143, 145, 147, 149- 
152, 160, 161, 167, 175, 178, 184-187, 
189, 190, 200, 201, 206, 210, 212-216, 
218-220, 223, 225, 228, 236, 242, 243, 
245-247, 249, 251-253, 257-261, 279-283, 
301-304, 809-313, 316, 318, 322, 331, 
333-335, 385, 386, 391, 400, 405, 406, 
411, 412, 427, 432, 433, 462, 463, 528, 
529. 
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Pellet gunpowder, 73-75, 78, 84, 160, 162. 
Pendulum of Navez’s - electro-ballistic 
/ ..apparatus, 23. . ' , 

Penn Sons, J.:., ,359. 

Permanent gases, generated by explo- 
sion, 63, 104, 410, 411 ; measurement 
of yolwnie of, 116, 150; generated by 
explosion oi guncotton^ " 472; -^'of 
cpr(fite, 476; ofballistite, 478, 
FhUosophkal Magazine^ 42, 87, 110, 388, 
Philosophical framact^ns of the Boyal 
B.odetg, 102, 248, 254, 255, 264-266, 

. : 438, 406, 468, 479, '480. ' ' . ' 

Picrates of ammoni^^n^ potassa, 397. 
Picric acj^, 624. . 

Piemonte^ Italian cruiser, 364. 

Pioberf, General, 26, 64, 66, 111, 163, 
190, 4^, 521; TraiU d'Artillerie 
TMorique et Expirimentale, 100, 103, 
104 ; Traits d^ArtUlerie, ProprUtis et 
Effets de la Poudre, 105. 

Platinum, 171, 414, 415. 

PoggendorlFs AnnaUn, 108, 110. 
PolysuIpMde, potassium, 141, 144, 239. 
Potassa, picrate of, 397. 

Potassium, carbonate, 111, 125, 136, 
189, 141, 143, 147, 148, 166, 244, 260, 
251, 332, 407 ; chloride, 128, 248; 
hydrate, 119, 126 ; hyposulphite. 111, 
124, 135-137, 141-145, 148, 166, 232, 
238-242, 244-247, 249-261, 263-265, 314- 
324; monosulphide, 124, 241, 245, 
250, 262, 254; nitrate, 126, 136, 139, 

144, 148, 149, 166 ; oxide, 142; poly- 
sulphide, 141, 144, 239 ; sulphate, 111, 
124, 128, 135-137, 141, 143-145, 148, 
166, 238, 244, 245, 247, 248, 250-253, 
332, 407 ; sulphide, 125, 135-137, 141- 

145, 148, 166, 241, 242, 244, 246, 249, 
260, 252-254, 332, 407 ; sulphocyanate, 
124, 149, 166, 332. 

Precision, measure of, 8, 28. 
Pressure-gauge, 429. 

Pressure in close vessels, deduced from 
theoretical considerations, 167 ; in the 
bores of guns and measurement of, 
173, 482-498. 

Pressures in closed vessels with various 
explosives, 420, 426, 429, 526, 
Prismatic gunpowder, 73-78. 
Probabilities, theory of, its application 
to artillery practice, 1-22.^ 

Proceedings of Boy at Institution^ 111; 
of the Boyal Society^ 309, 385, 462, 
468, 469. 

Products, gaseous, 111, 117, 119, 130- 
134, 139,440, 149, 151, 153, 155, 166, 
254, 321, 322, 406, 408; possibility of 
dissociation among, 157 ; solid, 118, 
130-135, 138, 144, 146, 147, 149, 151, 
153-155, 166, 254, 321, 322, 407, 409. 
Products, their condition at the instant 
of or shortly after explosion, 156 ; 
generated by the combustion of gun- 
powder, their specific heats and 
proportions, 166 ; mean specific heat 


of liquid, 172 ; of combustion in bores 
of guns, their temperature, 202. 

Projectiles, rifled, pressure required to 
give rotation to, 87-98. 

Prussian Artillery Committee, 57, 58, 
106,486, 487. 

Pyroxylin (guncotton), 328. 

“ Quantity of heat,” 399. 

Ranoe and deflection of guns, 11-21. 

Steam Engine^ 198, 199. 

Ravenhill Miller & Co., 359. 

Recoil-cylinder, 377-383. 

Begina Margheritat Italian battleship, 

Regnault, 27, 166. [514. 

Rendel, George, 378. 

Rennie Brothers, 359, 

Researches on explosives, 99-324, 468, 
481 ; list of contents, Part L, 99, 100 ; 
Part II., 231 ; summary of results, 
209, 211 ; abstract of experiments, 
211-230, 279-309,321, 322. 

Be UmhertOf 378, 509, 515. 

B&cue de Technologic Militaire^STy 105-107. 

Bevue Scieniiflque, 164. 

Reynolds, Professor Osborne, 390. 

Rijfled Cannon, Special Committee on, 

1, n, 20. 

Rifled guns, translation and rotation in 
the bores of, 42-52; energy absorbed 
by friction in the bores of, 385-396. 

Rifled Naval Artillery, rise and progress 
of, 499-519. 

Rifle fine-grain (R. F. G.) gunpowder, 
128-133, 171, 210, 229, 249, 310-313, 
400, 404, 405. 

Rifle large-grain (R. L. G.) gunpowder, 
72-74, 76-78, 80, 86, 128-133, 138-143, 
145, 147, 150, 151, 156, 159-162, 164, 
166, 167, 171, 175, 177, 185, 187-190, 
200, 201, 210-212, 214, 215, 219-221, 
223-227, 230, 235, 242, 243, 245-247, 
249-253, 257-265, 274-277, 284-288, 
295, 301, 302, 304, 310-313, 315, 316, 
318, 322, 331, 333-335, 400, 405, 406, 
410-412, 481, 483, 490, 491, 527-529. 

Rifling, of Woolwich guns, 38,^90, 93, 
97; uniform and parabolic, ^7-396; 
polygonal, 51. 

Roberts- Austen, Sir W., 637. 

Robins, Weto. Principles of Gunnery^ 

54, 67, 79, 100-102, 163, 189, 190, 483, 
485, 521. 

Rodman, Major, Experiments on Metal 
for Gannon and qualities of Cannon 
Powder, 58, 59, 61-63, 83, 107, 108, 
163, 164, 347, 429, 487 ; his pressure 
apparatus, 488-493, 

H.M.S., 375. 

Rotation, in the bores of rifled guns, 42- 
52; to rifled projectiles, pressure 
required to give, 87-98 ; of modern 
breech-loading projectiles, 385. 

Roux and Sarrau, MM., article in 
Comptes Bendus,\l2,2ZS. 
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Bo^al Jrthur, 

Royal Artillery Ii]istituti0n, 1, 23, 108, 
Royal Institution, 53, r>5, 108, 111, 158, 
521. 

Royal Society, 99, 309, 316, 462, *479. 
lioyal S(mrei(/th 

Rumford, Crmnt, 55, 56, 62, 63, 67» 83, 
100, 102, 103, 105, 111, 163, 189, 482- 
485, 521. 

Saint Robert, Count (Tmiti de 
TJiermodymmiqtte), 26, 194, 19j^ 198, 
199, 348,^433, 434. 

Saltpetre, 128, 134, 138, 189, 147, 238, 
247, 248, 331, 405. 

Sardinia, battleship, 510. I 

Science, mechanical, in relation to the 
nayal and military services, 355^884. 
Schischkoff, Professor, 63-66,67, 82, 108, 
109 ; m aho Bunsen and Schischkoff. 
Sebastopol, guns employed %t siege of, 
366. 

Sheffield, and gun steel-making, 870. 
Shell-fire, importance of, 360, 517, 618. 
Shells, high explosive, 361. 

^ Shikishima, Japanese battleship, 615. 

^ Sic, ilia, battleship, 610. 

Siemens furnace, 143, 173. 

Sinope, battle of, 360. 

Solid products, 118, 130-136, 138, 144, 
146, 147, 149, 151, 153-166, 166, 254, 
321, 322, 407,409. 

Solid residue (explosion), analysis of, 
121-126, 130-133, 406. 

Somerset gun, 609. 

Spanish gunpowder (spherical pebble 
and pellet), 128-133, 136, 139, 161, 
160, 229, 236, 249, 257-266, 276, 294, 
301-305, 310-818, 331, 333-335, 405, 
406, 410-412. 

Special Committee on Rifled Cannon, 

11 , 20 . 

Sporting gunpowder, 55, 128-130, 236, 

244, 248-250, 257-262, 294, 302, 303, 
305-308, 310-313, 318, 331, 333-335, 
405, 406,410-412. 

Steel, for guiimaking, 370, 371. 
Stephe^on, George, 437. 

Sulphate, potassium. 111, 124, 128, 135- 
137, 141, 143-145, 148, 166, 238, 244, 

245, 247, 248, 250-253, 332, 407. 
Sulphide, potassium, 126, 135-137, 141- 

145, 148, 166, 241, 242, 244, 246, 249, 
250, 252-254,332, 407.; 
Sulphocyanate, potassium, 124, 149, 
166, 332. 

Sulphocyanide, 238. 

SulphiU-, 128, 134, 140, 145, 147, 149, 
166, 245, 248, 250, 251, 331, 405 ; dust, 
398 ; free, 122, 124, 141, 142, 144, 250. 
Sulphuretted hydrogen, 104, 118-121, 
123, 134, 166, 238, 250, 408. 

Sulphuric acid, 332. 


Temf'Ebatitre of explosion, 414; its 
determination, 170, . 

Tension of fired gimpowder, observed 
in a close vessel, 158, 

Tmribk, H. M, S. , 360, 

Theory 'of Probabilities a|f>riec1 to 
artillery practice, 1-22, 
li.M.H*, 360, ♦ 

Time curve, 71. 

Torpedo boats, 365, 381 * 

Tramlgar, ballUrof, 359, 

Tmfa^ar, H.M.S., 362, 363, 378. # 
TranmetwiH of (ha Royal iuHtifuthm., 53% 
65; oftheRc^-l’^ocidi/,iH). 

Translation in the bores* of guns, 
42-52. ^ 

Trinitroceilulose (gun<*otton), g28. 
Tromenec, M, de, 233, 263 ; article in 
Compies lUndiis, 1 12. 

Turntables, 376-378, 510, 512. 

Turrets, revolving, 374 tt mp 
Twist, accelerating, 87-98; no, 387, 392, 
394, 396 ; uniform, 94, 97, 98 ; uni- 
form and parabolic, 3;92, 393. 

Uniform rilling, 387-3,91, 393-3,96. 

Uniform twist, 94, 97, 98, 392, 393. 

United States, use of east-inm guns in, • 
367. 

Units of heat, 411, 412. 

Variations of fire in artillery praetiee, 

1 , 2 . 

Vavasseur, Mr, 378-380, 383, 385, 499- 
502, 507-509, 517. 

Velocity, experinumls in initial, 23-41, 
Vessels, pressure in <‘losc, 167, 419, 420. 
Victoria, ILM.S,, 362, 363. 

Victoria, Qiieen, 357. 

Victory, ll.'M.S., 357, 359, 360, 363. 

Waixfiece, 29. 

Waltham- Abbey gunpowder works, 29, 
31, 119, 120, 127, 159, 245, 248, 249, 
257-266, 277, 310-313, 331, 333-335, 
405, 410-412, 415, 434, 471, 490, 

Watt, James, 397, ‘137. 

Watts, Mr, Chief Construetor .at,; 
Els.wick, 512. 

Whitworth & Co. , Sir J. , 370. 

Woolwich, rifling of guns, 88, 90, . 93, 
97; experiments at," 462,. 463* 

Woulfe's bottles, 122. 

Wiirtemburg war-powder, 109; ca: '.non- 
powder, 128-130, 134,. 235, .. 

Yarrow, 365. ' ^ ^ 

Yashima, Japanese battleship, 611. 
Younghusband, R. A,, Colonel, 67, 94, 

' 127, 128, 173, 190. 

Zcitsclirift dcf Clmmic, IIQ. 

Zinc chloride, 319, 320. 
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